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ABSTRACT 
Background 
Dioxin was a by-product present in Agent Orange (AO) and other herbicides used by the 
American military during the period from 1962 to 1971 in the Vietnam War. 
Approximately 76.9 million litres of herbicides with an estimated 366kg dioxin was 
sprayed as part of Operation Ranch Hand over Central and South Vietnam. AO accounted 
for much of the total chemical sprayed (Stellman, Stellman, Christian, Weber, & 
Tomasallo, 2003), and there are currently 28 identified potential dioxin hot spots in 
Vietnam (U.S. Vietnam Dialogue Group on Agent Orange/Dioxin, 2013). The two most 
severe hot spots are Bien Hoa and Da Nang airbases. These airbases served as bulk storage 
and supply facilities for AO during Operation Ranch Hand. Elevated levels of dioxin, 
especially 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic man-made 
substance, have been reported in the local environment, some types of local foods, and 
human blood (Hatfield Consultants and Office of the National Steering Committee 33 
MONRE, 2009, 2011; Minh, Son, & Nguyen, 2008; Schecter A et al., 2001; Schecter et 
al., 2003). These included levels in soil samples of up to 262,000 ppt TEQ (part per trillion 
Toxic Equivalent) (Hatfield Consultants and Office of the National Steering Committee 33 
MONRE, 2011) and 1,180,737 ppt TEQ (with a 2,3,7,8 TCDD level of 1,164,699 ppt) 
(Schecter A et al., 2001) in Bien Hoa Airbase and a level of up to 361,000 ppt in a soil 
sample in Da Nang Airbase (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009).  
People who live at these dioxin hot spots have a high likelihood of exposure to dioxin in 
the environment, particularly through the consumption of dioxin contaminated foods 
(Schecter et al., 2003; T. T. Tuyet Hanh, Vu Anh, Ngoc Bich, & Tenkate, 2010). In 
response, Public Health intervention programs were implemented in two wards 
surrounding Bien Hoa Airbase and four wards surrounding Da Nang Airbase to reduce the 
risk of dioxin exposure through the food chain for local people (Tuyet-Hanh , Ngoc-Bich, 
& Vu-Anh, 2013). However, recent environmental data showed that the South-west area of 
the Bien Hoa Airbase was also highly polluted with dioxin and local residents living in 
Buu Long Ward were also at high risk of exposure to dioxin (Hatfield Consultants and 
Office of the National Steering Committee 33 MONRE, 2011; Minh et al., 2011). This 
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ward was not included in the Public Health intervention program implemented in 2007-
2008.  
Objectives  
This study aimed to: 
1. Assess the environmental health risk of dioxin exposure for local residents living in 
Bien Hoa and Da Nang dioxin hot spots. 
2. Assess the sustainability of the Public Health Intervention Programs implemented 
in Da Nang and in Bien Hoa dioxin hot spots after 2.5 and five years of completion, 
respectively. 
3. Identify factors affecting the sustainability of the Public Health Intervention 
Programs implemented in Da Nang and Bien Hoa dioxin hot spots. 
Methods 
This study followed the Australian Environmental Health Risk Assessment Framework 
(Australian enHealth Council, 2012), including Issue identification, Hazard assessment 
(i.e. hazard identification and dose-response assessment), Exposure assessment, Risk 
characterisation, Stakeholder engagement and risk communication steps. Fourty six pooled 
food samples were collected in 2013 from households, local markets and surrounding the 
airbases for dioxin concentration analyses. The food samples belonged to two groups: (1) 
Potentially ‘high risk’ foods: local free range chicken meat and eggs, free range duck meat 
and eggs, fresh water fish and snails caught at local ponds surrounding the two airbases, 
beef, and pumpkin; and (2) Potentially ‘low risk’ foods including foods bought at local 
markets such as: caged chicken meat and eggs, caged duck and duck eggs, pork, fish and 
prawns from the sea, leafy vegetables, fruit vegetables and rice. Pooled samples were 
formed by combining 5-15 individual samples and were analyzed at the Dioxin 
Laboratory, Vietnam Environment Administration. The results were reported as total TEQ 
(toxic equivalence) according to the World Health Organization’s Toxic Equivalency 
Factors for Dioxins and Dioxin-like Compounds (M Van den Berg, 2006). 
In addition, a food frequency and Knowledge – Attitude – Practice (KAP) survey was 
undertaken at 1000 households living in the seven wards surrounding the two airbases. 
This survey used a KAP questionnaire of approximately 10 pages long on dioxin and 
measures to reduce the risk of dioxin exposure. Data collection was implemented in 2013, 
approximately five years after the intervention in Bien Hoa and 2.5 years after intervention 
in Da Nang. The results were compared with those of the pre-post intervention KAP 
surveys implemented in 2007 and 2009 in the two intervention wards in Bien Hoa and in 
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2009 – 2011 in four intervention wards in Da Nang and compared with the results in 2013 
in Buu Long - the control ward. National food consumption frequency survey results were 
also used. Estimates on the levels of dioxin exposure through foods for local residents were 
determined under different scenarios. A range of stakeholders were involved and 
publications on dioxin characteristics, its level of toxicity, and the concentrations in the 
environment, foods, milk and blood samples collected at the two hot spots were reviewed 
in this risk assessment.  
Further more, 16 in-depth interviews and six focus group discussions were conducted for 
assessing programs’ sustainability, using three key categories of 12 indicators, including: 
(1) Maintaining the health benefits achieved through the initial program; (2) Continuing 
program activities within an organizational structure (level of institutionalization); and (3) 
Long-term capacity building in the recipient community (Rizkallah & Bone, 1998). Three 
potential groups of factors affecting the programs’ sustainability were also explored, which 
included: (1) project design and implementation factors, (2) factors within the 
organizational setting, and (3) factors in the broader community environment (Rizkallah & 
Bone, 1998). The mixed qualitative and quantitative methods applied in this study were 
important in exploring the different aspects of a comprehensive picture on program 
sustainability. 
Main results 
The results showed that the total concentrations of dioxin/furans in local free range chicken 
meat and eggs, duck meat and eggs, freshwater fish, snail and beef samples were very high 
(from 3.8 pg TEQ/g to 95 pg TEQ/g), while caged chicken meat and eggs, seafood, pork, 
leafy vegetables, fruits, and rice had much lower levels (0.03 pg TEQ/g to 6.1 pg TEQ/g). 
Estimated daily intake of dioxin for people who did not consume local high risk foods 
ranged from 3.2 pg TEQ/kg bw/day to 6.2 pg TEQ/kg bw/day (Bien Hoa) and ranged from 
1.2 pg TEQ/kg bw/day to 4.3 pg TEQ/kg bw/day (Da Nang). Consumption of local ‘high 
risk’ foods increased daily intakes, which ranged from 60.4 pg TEQ/kg bw/day to 102.8 pg 
TEQ/kg bw/day (Bien Hoa) and from 27.0 pg TEQ/kg bw/day to 148.0 pg TEQ/kg bw/day 
(Da Nang). The consumption of local ‘high risk’ foods would have increased dioxin daily 
intakes far beyond the WHO recommended tolerable daily intake level (1-4 pg TEQ/kg 
bw/day) (World Health Organization, 1998). Practicing appropriate preventive measures 
can therefore significantly reduce the risks.  
The KAP survey in 2013 showed that the knowledge of respondents were maintained 
and/or improved at 2.5 years follow-up in Da Nang and five years follow-up in Bien Hoa. 
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In Da Nang, there were no significant differences in attitudes toward preventing dioxin 
exposure across the surveys; in which most respondents were having positive attitude in all 
three surveys. An increase in the proportion of households (69.5%) undertaking measures 
to prevent exposure was observed, which was higher than in the pre-intervention survey 
(39.6%) and post- intervention survey (60.4%) (χ2 = 95.6; p < 0.001). The proportion of 
respondents practicing appropriate preventive measures was also significantly improved. 
In Bien Hoa, most of the KAP results were remained and better than that in the control 
ward of Buu Long. For example, 48.2% of households undertook measures to prevent 
exposure, higher than those in pre and post intervention surveys (25.8% and 39.7%) and 
the control ward (7.7%). The overall sustainability assessment using 12 different indicators 
showed that as of 2013, the programs were rated as “moderately sustained” with the 
average score of 3.3 out of 5.0 for Bien Hoa, and “well sustained” with the average score 
of 3.8 out of 5.0 for Da Nang. Most program activities had ceased and dioxin risk 
communication activities were not integrated into local routine health education programs. 
However, main results were still maintained 2.5 and five years post intervention, and were 
better than that in the control ward. Migration, the lack of clear and official guidance from 
City People Committee and local authorities as well as the sensitive nature of dioxin issues 
were the main challenges for the program sustainability. 
Conclusions  
Local residents who consume local foods would have their dioxin daily intakes far in 
excess of the recommended tolerable daily intake level recommended by WHO and other 
orgnizations. As such, they are at a substantially elevated risk of adverse health effects. By 
practicing appropriate preventive measures, the risks for local residents could be 
significantly reduced to tolerable levels. Although several remediation projects are 
currently being implemented at Bien Hoa and Da Nang airbases, these are extremely costly 
(e.g. the 84 millions USD environmental remediation project currently being implemented 
in Da Nang airbase) and only help to treat the dioxin contaminated soil and sediment inside 
the two airbases. Since the end of Ranch Hand Operation in 1971 and the Vietnam War in 
1975, dioxin pollution has expanded to areas surrounding the airbases. The risk reduction 
programs have resulted in positive outcomes over the longer-term, with many knowledge 
and attitude measures remaining stable or improving. Some aspects of KAP of local 
residents at the intervention wards decreased, but they were still significantly higher than 
the pre-intervention levels and higher than those in the control ward of Buu Long in the 
same year. 
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However, it should be emphasized that the problem has not been solved entirely. As of 
2013, most of the program activities have ceased, while some KAP indicators were still 
quite low. Also, due to the migration out of and into the intervention areas, risk 
communication activities should be continued and integrated into routine health activities 
in the coming years. The results of this research project provide scientific evidence to 
inform dioxin risk management programs at the remaining dioxin hot spots in Vietnam. 
More broadly, the work presented in this thesis contributes to the international scientific 
literature on the environmental health risk assessment of dioxin in foods and assessing 
public health intervention program sustainability. 
Recommendations 
Local residents should be encouraged to stop consuming local ‘high risk’ foods, including 
free range chicken meat and eggs, duck meat and eggs, freshwater fish, snail and locally-
raised beef in order to reduce their dioxin daily intakes to below the recommended 
tolerable daily intake level by WHO (1-4 pg TEQ/kg bw/day). Direct and indirect 
communication activities implemented by Vietnam Public Health Association and its 
provincial partners in the recent years should be continued and integrated into local routine 
health programs. Regulations against culturing, harvesting, consuming and selling high-
risk foods in the dioxin-polluted areas in Da Nang and Bien Hoa dioxin hot spots should 
also be developed and strictly implemented as soon as possible. This is of particular 
importance because residents surrounding the two airbases, especially at Buu Long Ward 
(Bien Hoa City) continue to undertake ‘high risk’ activities (e.g. catching fish, prawns, 
crabs and raising free range chickens, ducks, cows and buffalos) and these areas have not 
yet received risk communication programs. As such, additional guidance and support from 
the Provincial/City People Committee is needed at the two hot spots. 
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CHAPTER 1. INTRODUCTION 
1.0 Background 
The term dioxin includes 75 individual compounds poly-chloro-dibenzo-dioxins (PCDD), 
135 poly-chloro-dibenzo-furans compounds (PCDF), and 209 polychlorobiphenyl (PCB) 
individual compounds (Agency for Toxic Substances and Disease Registry, 1998). Van 
den Berg et al. have identified 29 dioxins and dioxin-like compounds of environmental 
concern based on similar toxicological profile (van den Berg M et al., 2006). These include 
seven PCDD compounds, 10 PCDF and 12 co-planar dioxin-like PCB. In this study, 
dioxin/furans concentrations were reported as the total concentrations of seven PCDD and 
10 PCDF compounds according to WHO-TEQ (van den Berg M et al., 2006), and the term 
“dioxin” is used throughout this thesis. The most toxic congener of dioxin is 2,3,7,8-TCDD 
and it is also the most toxic anthropogenic chemical (Center for Health Environment and 
Justice, 1999), and is classified into Group I Carcinogens (International Agency for 
Research on Cancer, 1997). Exposure to dioxin has also been linked to reproductive, 
developmental, and many other severe adverse health outcomes (Institute of Medicine, 
2014). 
Bien Hoa and Da Nang cities are located in the South and Central regions of Vietnam, with 
total areas of 155 km2 and 1283 km2, and the populations of approximately 800 000 and 
970693 people, respectively. Trung Dung, Tan Phong and Buu Long wards in Bien Hoa 
City and An Khe, Hoa Khe, Chinh Gian and Thanh Khe Tay wards in Da Nang City are 
seven wards surrounding the Bien Hoa and Da Nang airbases airbases, reported to be the 
two most severe dioxin hot spots in Vietnam. These two airbases have received much 
attention from national and international scientists due to extremely high dioxin 
concentrations in the environment and bio-samples (Dwernychuk et al., 2002; Hatfield 
Consultants and Office of the National Steering Committee 33 MONRE, 2009; Mai, Doan, 
Tarradellas, de Alencastro, & Grandjean, 2007; Schecter et al., 2003; Stellman et al., 
2003).   
According to data provided by the US Defense Supply Agency and Air Force Logistics 
Command, during the period 1961–1972, 74 175 920 litres of herbicides, of which Agent 
Orange accounted for 43 332 640 litres, were sprayed in Vietnam (Young, 2009). Most 
were stored in tanks in former US airbases, including those at Bien Hoa and Da Nang. To 
load herbicides conveniently to aircraft for air spraying, the chemicals were firstly pumped 
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into 28,000 litre tanks. It was documented that two major spills of AO and Agent White 
from these tanks occurred in December 1969 and 1st March 1970 in Bien Hoa Airbase spill 
incidents also occurring at Da Nang Airbase (Young, 2009). As a consequence, the soil 
inside and in the vicinity of the airbases were severely polluted with dioxin. In addition to 
dioxin released during the Operation Ranch Hand, dioxin may have also been released into 
the environment through other human activities, including the burning of wastes at low 
temperature, spraying of pesticides and herbicides in agriculture and industrial sources. AO 
is considered the primary source of dioxin in Bien Hoa (Minh et al., 2008). In recent years, 
various studies have documented that samples of soil, sediment, some food samples, breast 
milk and blood samples of local residents at Bien Hoa and Da Nang cities had elevated 
levels of dioxin (Hatfield Consultants, 2006; Hatfield Consultants Ltd and Viet Nam – 
Russia Tropical Centre, 2009; Minh et al., 2011; Minh et al., 2008; Schecter et al., 2001; 
Schecter et al., 2003; Sorenson KS et al., 2010).  
It is estimated that approximately 240 000 tons and 61 700 tons of contaminated soil in 
Bien Hoa and Da Nang airbases, respectively need to be remediated (Dioxin Laboratory 
Vietnam Environment Administration, 2012; Sorenson KS et al., 2010). A current Da 
Nang Airport Remediation Project costing $84 million USD, aims to clean up the dioxin 
contaminated soil and sediment inside the airbase so that the dioxin concentrations fall 
below the agreed upon level of 150 pg/g TEQ (toxic equivalent) (USAID Vietnam, 2014). 
The partners for this project are the Vietnamese Ministry of National Defense and the 
United States Agency for International Development (USAID) and the project is expected 
to be completed by the end of 2016 (USAID Vietnam, 2014). However, the Project only 
assists in the reduction of the levels of dioxin inside the airbase, not the surrounding 
residential areas. An assessment in 2007 using secondary environmental and biological 
sample data showed that local people, especially those living at Trung Dung and Tan 
Phong wards (Bien Hoa City), faced an elevated elevated risk of adverse health effects 
from dioxin exposure in the environment and foods (T. T. Tuyet Hanh et al., 2010).  
In the recent years, the Vietnam Public Health Association and its provincial branches 
implemented public health intervention programs in Bien Hoa (2007-2009) and Da Nang 
(2009-2011) aimed at reducing health risks for local residents (Tuyet-Hanh  et al., 2013). 
The candidate - Ms. Tran Thi Tuyet Hanh was the principal researcher for these 
intervention programs, and was responsible for all technical aspects of the interventions. 
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The current study undertook an environmental health risk assessment to provide scientific 
evidence of current health risk related to dioxin exposure through foods for local residents 
living in seven wards surrounding Bien Hoa and Da Nang Airbases, and to provide 
recommendations for future sustainable risk reduction activities at the two hot spots and 
remaining dioxin hot spots in Vietnam. Figure 1.1 describe previous intervention 
programs, the current study, written manuscripts and the candidate’s contribution in these 
research programs. 
1.1. Research objectives and questions 
The specific objectives of this study were: 
1. To assess environmental health risk of dioxin exposure for local residents 
living in Bien Hoa and Da Nang dioxin hot spots. 
2. To assess the sustainability of the Public Health Intervention Programs 
implemented in Da Nang and in Bien Hoa dioxin hot spots after 2.5 and 
five years of completion, respectively. 
3. To identify factors affecting sustainability of the program implemented in 
Da Nang and Bien Hoa dioxin hot spots. 
From the results obtained, the authors provided recommendations for reducing the health 
risk of exposure to dioxin through local foods and to provide scientific evidence for 
sustainable management of dioxin risks at other hot spots. 
Research hypotheses tested were: 
1. Local residents living surrounding Bien Hoa and Da Nang dioxin hot spots 
would have elevated levels of dioxin daily intake if they consume potentially 
high risk foods grown/raised locally. 
2. The Public Health intervention programs implemented in Da Nang and Bien 
Hoa dioxin hot spots were sustained after 2.5 and five years since programs 
ceased. 
3. The program sustainability in Da Nang and Bien Hoa dioxin hot spots were 
affected by a number of groups of factors, including project design and 
implementation factors, factors within organizational setting, and factors in the 
broader community environment. 
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Figure 1.1. The previous intervention programs, the current study, papers written and 
the candidate’s contribution in these research programs 
Paper	  1	  
2007-­‐
2009	  
Implemented the 
Public Health 
intervention 
program in         
Bien Hoa 
Candidate’s contribution:  
1. Involved in designing KAP 
questionaire, analysed data, wrote 
KAP reports;  
2. Designed  IEC materials, trained 
for collaborators, supervised 
intervention, 
3. Wrote scientific papers, presented 
at conferences 
2009-­‐
2011	  
Implemented the 
Public Health 
intervention 
program in Da Nang 
Candidate’s contribution 
Being the principle researcher: 
1. Wrote the program proposal  
2. Was responsible for all technical 
aspects of the program 
implemention 
3. Designed KAP questionaire, 
analysed data, wrote KAP reports 
4. Designed  IEC materials, trained 
and supervised program 
implementation 
5. Wrote scientific papers, presented 
at conferences 
7/2011-­‐
1/2015	  
Implemented 
the current 
PhD research at 
Bien Hoa and 
Da Nang 
Candidate’s contribution: Being 
the principle researcher, with 
technical support from supervisors: 
1. Designed research proposal 
2. Presented at confirmation seminar 
on 1st August 2012 
3. Implemented data collection at the 
two dioxin hot spots 
4. Analysed data 
5. Wrote the thesis 
6. Wrote scientific papers and 
presented at scientific conferences 
7. Presented at the final seminar on 
28th October 2014 Papers	  2,	  3,	  4	  and	  5	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1.2. Outline of this thesis 
Chapter 1 describes background information about dioxin/agent orange issues in Vietnam, 
introduces the objectives and hypotheses of this study and sets the outline of this thesis. 
Chapter 2 provides a brief up to date literature review of dioxin, its physico-chemical 
characteristics, dioxin issues in Vietnam, the health consequences due to dioxin exposure, 
a brief introduction on the public health intervention programs and the role of Ms. Tran Thi 
Tuyet Hanh in these interventions, previous work on risk assesment of dioxin at the two 
hot spots, and methods for assessing the sustainability of public health intervention 
programs as well as potential factors affecting program sustainability. 
Chapter 3 provides information regarding research design, core research components, 
detailed qualitative and quantitative methods applied, background information on the study 
sites (with maps), study participants/objects, detailed information on data collection 
methods and tools. Data management, laboratory sample analysis, quantitative statistical 
and qualitative analytical techniques as well as the total budget and detailed expenses are 
also described in detail. 
Chapter 4 (Paper 1) describes the new strategy toward dioxin risk reduction for local 
residents surrounding severe dioxin hotspots in Vietnam, published in Global Health 
Action in June 2013. Doi http://dx.doi.org/10.3402/gha.v6i0.21105. This paper is based on 
the review of interventions undertaken at the two dioxin hot spots and the suggested 
strategy for intervention.  
Chapter 5 (Paper 2) describes the results of the 1st objective of this study on 
Environmental Health risk assessment for dioxin exposure through foods in severe dioxin 
hot spots in Vietnam. This manuscript was submitted to the International Journal of 
Hygiene and Environmental Health 2015. 218 (5): 471–478. Doi: 
http://dx.doi.org/10.1016/j.ijheh.2015.03.014. 
Chapter 6 (Paper 3) assesses the effectiveness of the Public Health intervention in 
reducing the likelihood of dioxin exposure in Da Nang: changes in community knowledge, 
attitudes and prevention practices after 2.5 years. This paper was published in Vietnam 
Journal of Public Health, 2014. 1 (1): 12-21 (English edition). 
Chapter 7 (Paper 4) presents a detailed discussion of the Dioxin risk reduction program at 
the Bien Hoa severe dioxin hot spot in Vietnam: residual knowledge, attitude and practices 
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five years post intervention. This manuscript was submitted to the journal Global Public 
Health (accepted on 18th March 2015). 
Chapter 8 (Paper 5) analyses the sustainability of the Public Health intervention programs 
at the Bien Hoa and Da Nang severe dioxin hot spots in Vietnam. This paper was 
published in 2014 in Journal of Community Health. 30(6): DOI 10.1007/s10900-014-9980-
1. 
Chapter 9 is a summary of the work presented and discusses the limitations, strengths and 
implications of this research. Conclusions and recommendations for sustainable 
management of the dioxin risk at dioxin hot spots in Vietnam are provided.  
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CHAPTER 2. LITERATURE REVIEW 
 
2.0 Introduction 
A detail analysis of published data in the past decades indicates that exposure to dioxin and 
dioxin-like chemicals may induce a number of serious health effects including cancer. Bien 
Hoa and Da Nang airbases were bulk storage and supply facilities for Agent Orange (AO) 
and other herbicides during Operation Ranch Hand 1962-1971. High volumes of herbicides 
are known to have been spilled at these sites on several occasions (Young, 2009). As a 
result, samples of soil, sediment, blood, milk and certain local foods collected in these 
areas had elevated levels of dioxin, and these are seen as the current two most severe 
dioxin hot spots in Vietnam (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009, 2011; Schecter et al., 2001; Schecter, Pavuk, Constable, 
Dai, & Päpke, 2002; Schecter et al., 2003) (see Figure 2.1 and Figure 2.2). 
  
Figure 2.1. Results of dioxin contamination in sediment and soils collected in Bien Hoa 
Airbase (Hatfield Consultants and Office of the National Steering Committee 33 MONRE, 
2009, 2011; Hatfield Consultants Ltd and Viet Nam – Russia Tropical Centre, 2009) 
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Figure 2.2. Results of dioxin contamination in sediment and soils collected in Da Nang 
Airbase (Hatfield Consultants and Office of the National Steering Committee 33 MONRE, 
2009) 
Special attention and effective risk management measures to reduce the risk of dioxin 
exposure were urgently needed (T. T. Tuyet Hanh et al., 2010). This chapter aims to 
provide a brief up to date review of dioxin, its physico-chemical characteristics, dioxin 
issues in Vietnam, the health consequences due to dioxin exposure, a brief introduction on 
the public health intervention programs, previous work on risk assesment of dioxin at the 
two dioxin hot spots, and methods for assessing the sustainability of public health 
intervention programs.  
2.1. Introduction to dioxin and its characteristics 
2.1.1. Dioxin and its physico-chemical characteristics 
The term dioxin includes 75 individual compounds poly-chloro-dibenzo-dioxins (PCDD), 
135 poly-chloro-dibenzo-furans (PCDF) compounds, and 209 poly-chloro-biphenyls 
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(PCBs) individual compounds (Agency for Toxic Substances and Disease Registry, 1998). 
Only seven PCDD compounds, 10 PCDF compounds and 12 PCB compounds have 
dioxin-like toxicity and their effects are mediated by binding to a complex molecule 
known as the aryl hydrocarbon or "Ah" receptor (Center for Health Environment and 
Justice, 1999; van den Berg M et al., 2006). In this study, the dioxin concentrations in food 
samples were reported as the total concentrations of the seven PCDD and 10 PCDF 
compounds according to WHO-TEQ (van den Berg M et al., 2006). These PCDD 
compounds were 2,3,7,8-TCDD, 1,2,3,7,8 PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-
HxCDD, 1,2,3,7,8,9-HxCDD, 1,2,3,4,6,7,8-HpCDD, and OCDD. The 10 PCDF 
compounds reported in this study were 2,3,7,8-TCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 
1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 1,2,3,7,8,9-HxCDF, 2,3,4,6,7,8-HxCDF, 
1,2,3,4,6,7,8-HpCDF, 1,2,3,4,7,8,9-HpCDF, and OCDF. The toxicity levels of these 
compounds are influenced by the number of chlorines in the molecule and the positions 
where the chlorines are attached. Dioxin compounds with four or more chlorines and those 
with chlorines attached at the 2, 3, 7, and 8 positions are the most toxic (Center for Health 
Environment and Justice, 1999). The most toxic congener, 2,3,7,8-TCDD has the greatest 
affinity for the Ah receptor, and is the most toxic anthropogenic chemical. It is classified 
into Group I Carcinogens (International Agency for Research on Cancer, 1997), and in 
addition to cancer, exposure to dioxin has been linked to  reproductive, developmental, and 
many other adverse health impacts (Institute of Medicine, 2014). 
Dioxin can be broken down very slowly by sunlight, but only under certain conditions. The 
most stable members of the group have four or more chlorines, such as 2,3,7,8 TCDD 
(Center for Health Environment and Justice, 1999). Dioxin compounds are highly 
hydrophobic and therefore adhere strongly to organic components of soil and water. They 
have a low vapor pressure, do not evaporate easily, do not react with oxygen or water and 
are not broken down by microorganisms. For these reasons, they persist in the environment 
for long periods of time (Center for Health Environment and Justice, 1999). Thus, although 
the contamination with Agent Orange and other herbicides occurred in the Ranch Hand 
Operation during the period from 1962-1971, the levels of dioxin (mainly 2,3,7,8 TCDD) 
in many hot spots in Vietnam including Bien Hoa and Da Nang airbases are still extremely 
high (Dwernychuk et al., 2002; Hatfield Consultants Ltd and Viet Nam – Russia Tropical 
Centre, 2009; Minh et al., 2011; Thu, Wim, AlberTinka, & Ron, 2014).  
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In the air, dioxin is usually bound to particles and is shielded from photo-degradation 
(International Agency for Research on Cancer, 1997). On the top 1 mm of surface soil, its 
half life is 9 to 15 years and in the subsurface soil below 1mm, the half life is 25 to 100 
years (Paustenbach et al., 1992). In water, dioxins mainly associated with suspended 
substances, absorbed on aquatic plants, accumulated in aquatic animals like fish with bio-
concentration factor of 37 900 – 128 000, moves up the food chain and eventually reach 
humans (Agency for Toxic Substances and Disease Registry, 1998). Very high dioxin 
levels in some food samples taken inside and surrounding Bien Hoa and Da Nang airbases 
have been reported (Hatfield Consultants Ltd and Viet Nam – Russia Tropical Centre, 
2009; Minh et al., 2011; Schecter et al., 2003). For example, concentrations of 66 pg/g 
TEQ and 286-343 pg/g TEQ for Channa striatatriata, snake head fish caught at Bien Hung 
Lake and free range ducks, respectively (Schecter et al., 2003). Due to high Organic 
Carbon Partitioning Coefficient (Koc) and low solubility, most dioxins are absorbed in 
sediments, and only a small quantity is in water. The Henry’s Law constants of dioxins are 
quite low 10-6 - 10-5, so it is hard for dioxins to vaporize from the water into the air 
(Agency for Toxic Substances and Disease Registry, 1998). Dioxin in soil particles or dust 
attach to plants so that animals that feed on contaminated grass and vegetables such as 
cows, buffalos, as well as other animals like ducks, chicken and wild goose raised at 
contaminated areas can have elevated dioxin levels and are considered as potentially high 
risk foods. In this study, we took samples of free range chickens, ducks, eggs, beef and 
other potentially high risk foods for dioxin analysis, to provide data for exposure 
assessment.  
Currently, in Vietnam there is no standard for the level of dioxin in food but the maximum 
levels (WHO-PCDD/F-TEQ) set by the EC in the Regulation No. 199/2006 were 4,0 pg/g 
fresh weight for fish, 3 pg/g fat for bovine animal, 3 pg/g fat for hen eggs and egg 
products, 2 pg/g fat for poultry, and 1 pg/g fat for pig (The Commission of the European 
Communities, 2006). Plant roots generally do not take up dioxin in soil or water but 
exceptions include pumpkin and carrot (Muller, Hulster, Papke, Ball, & Marschner, 1994).  
2.1.2. Absorption, distribution and excretion of dioxin 
Absorption rate of dioxin depends on the routes of administration, molecular size and 
solubility (International Agency for Research on Cancer, 1997). Toxicological studies on 
mice show that absorption rate through the small intestine and the lungs is 50% to 90%. 
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Dermal absorption is much more limited, and is probably less than 1% (International 
Agency for Research on Cancer, 1997). A study reported that a 42 years old male 
volunteer who ingested 105,000 pg of 2,3,7,8 TCDD had more than 87% of this dose being 
absorbed from the gastrointestinal tract (Gallo, Scheuplein, & van der Heijnen, 1991). 
When being ingested, dioxin is distributed in the blood and reaches all organs. Dioxin 
usually accumulates in fatty tissues and in the liver (M. Van den Berg, De Jongh, Poiger, & 
Olson, 1994). Schecter et al. (2003) reported much higher dioxin levels in lipid than in 
meat, such as total TEQ for ducks from 286–343 pg/g wet weight and 536 ppt - 550 pg/g 
lipid; for chickens 0.35–48 pg/g wet weight and 0.95–74 pg/g lipid, and for fish 0.19–66 
pg/g wet weight and 3.2 pg/g - 15,349 pg/g lipid. 
The body excretes dioxin by metabolizing or converting it to more water soluble and less 
harmful compounds in the liver. However, in both people and laboratory animals, these 
processes are lengthy, and the excretion rate varies among individuals and species. The 
half-life of dioxin in rats ranges from 17 to 31 days (International Agency for Research on 
Cancer, 1997). The half-life of dioxin in rhesus monkeys is about 391 days (TCDD), and in 
humans is from 5.8 to 14.1 years (Grassman, Masten, Walker, & Lucier, 1998). 
2.2. Dioxin and Agent Orange issues in Vietnam 
During the Vietnam War, different tactical herbicides were used, including Agent Orange, 
Agent White, Agent Purple, Agent Pink, Agent Green, and Agent Blue. Dioxin was a by 
product of 2,4,5-T, which was the active ingredient for some of these herbicides (Young, 
2009). The Purple, Pink, and Green agents were shipped to Vietnam in 208-litre drums. A 
30cm colour-coded band was painted around the center of each drum in order to allow 
support personnels to readily identify the specific herbicide contained in the drums (Irish, 
Darrow, & Minarik, 1969). Storage tanks were similarly color-coded by painting them for 
identification (Figure 2.3). 
AO is a reddish-brown to tan colored liquid, soluble in diesel fuel and organic solvents but 
insoluble in water (Irish et al., 1969). One litre of AO theoretically contained 510 g of the 
active ingredient of 2,4-Dichlorophenoxyacetic acid (2,4-D) and 530 g of the active 
ingredient of 2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) (Young, 2009). Agent White is a 
dark brown viscous liquid and one liter contained 65 g of the active ingredient of 4-amino-
3,5,6-tricholorpicolinic acid and 240 g of the active ingredient of 2,4-D (Young, 2009). 
Agent Blue was a clear yellowish-tan liquid and one liter contained 370 g of the active 
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ingredient hydroxydimethyarsine oxide (cacodylic acid). Agent Purple was formulated to 
contain 1.04 kg/l of the active ingredients 2,4-D (510 g/l) and 2,4,5-T (530 g/l), Agent Pink 
was a formulation of 2,4,5-T and Agent Green was a single component formulation 
consisting of the n-butyl ester of 2,4,5-T. Among these herbicides, only AO, Agent Purple, 
Agent Pink and Agent Green contained 2,4,5-T herbicide and its associated contaminant, 
2,3,7,8-TCDD (Young, 2009) (Table 2.1).  
 
Figure 2.3.  Colour-coded band for Agent Orange tanks and storage tanks for Agent 
Orange, Agent White, and Agent Blue (Young, 2009) 
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AO was first introduced in South Vietnam on 1st March 1965, while the other herbicides 
including Agent Purple, Agent Pink, Agent Green and Agent Blue were deployed for use 
in Vietnam since late 1961 and early 1962 (Young, 2009). The literature has documented 
that approximately 76.9 million litres of herbicides (with an estimated of 366 kg dioxin) 
was sprayed during Operation Ranch Hand (Stellman et al., 2003). This total volume is 
similar to that reported by Young 2009 as shown in Table 2.1 (74 175 920 litres), which 
presents detailed information on each type of herbicide, their commercial components, 
number of drums, number of litres and years of use during the period from 1961-1972 
(Young, 2009). 
Table 2.1.  Estimated quantities of tactical herbicides used in Vietnam, 1961–1972 
(Young, 2009) 
Tactical 
herbicide 
Commercial 
components 
Number of 
drums  
Number of 
litres 
Years of 
use 
Green1 2,4,5-T 3652 75 920 1962 
Pink1 2,4,5-T 1 315 273 520 1961–1963 
Purple1 2,4-D; 2,4,5-T 12 475 2 594 800 1962–1965 
Blue Cacodylic Acid 29 330 6 100 640 1966–1972 
White 2,4-D; Picloram 104 800 21 798 400 1966–1972 
Orange1 2,4-D; 2,4,5-T 208 330 43 332 640 1965–1970 
Total   356 615 74 175 920   
1 These tactical herbicides contained 2,4,5-T herbicide and its associated contaminant, 
2,3,7,8-TCDD. Agent Pink was used in the 1964 Thailand tests, but available data indicted 
the last Pink Mission in South Vietnam was in 1963; the Daily Air Activity Reports often 
confused Agent Purple and Agent Pink.  
2 All herbicide drums sent to Vietnam were of 18-guage steel and held 208 l or 55 gal of 
product that were applied in concentrated form and not diluted.  
According to the official report of the Ranch Hand Operation, the U.S. Army had 
destroyed approximately 14% of Vietnam’s forest areas. Elevated levels of dioxin 
(especially 2,3,7,8 TCDD) in soil, sediment, some types of local foods, human blood and 
breast milk were recently reported at a number of former US airbases (Hatfield Consultants 
and Office of the National Steering Committee 33 MONRE, 2009, 2011; Hatfield 
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Consultants Ltd and Viet Nam – Russia Tropical Centre, 2009; Schecter et al., 2001; 
Schecter et al., 1992; Schecter et al., 2003; Schecter, Tong, Monson, Gross, & Constable, 
1989). These included levels in soil samples up to 262 000 pg/g (99% 2,3,7,8 TCDD) 
(Hatfield Consultants and Office of the National Steering Committee 33 MONRE, 2011) 
and 1 180 737 pg/g TEQ (with 2,3,7,8 TCDD level was 1 164 699 pg/g) (Schecter et al., 
2001). It was estimated that approximately 240 000 tons and 61 700 tons of contaminated 
soil in Bien Hoa and Da Nang airbases, respectively need to be remediated (Dioxin 
Laboratory Vietnam Environment Administration, 2012; Sorenson KS et al., 2010). There 
are currently seven prioritized dioxin hot spots in Vietnam, including: Bien Hoa, Da Nang, 
Pleiku, Phu Cat, Nha Trang, Can Tho and Tan Son Nhat; in which Bien Hoa and Da Nang 
airbases were the most severe (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2011; Hatfield Consultants Ltd and Viet Nam – Russia Tropical 
Centre, 2009; Young, 2009) (see Figure 2.4).  
 
Figure 2.4. Ranch Hand Bases during the Vietnam War and the current two most severe 
dioxin hot spots: Bien Hoa and Da Nang airbases (Young, 2009) 
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In addition to dioxin in herbicides used during Operation Ranch Hand, dioxin may also 
have been released into the environment through activities such as spraying pesticides and 
herbicides in agriculture, burning of wastes at low temperature, paper production and other 
industrial activities involving chlorine. However, recent studies show that AO is the main 
source of dioxin in Bien Hoa and Da Nang dioxin hot spots and TCDD accounted for 80-
100% of the dioxin concentration TEQ in the samples taken (Hatfield Consultants and 
Office of the National Steering Committee 33 MONRE, 2011; Hatfield Consultants Ltd 
and Viet Nam – Russia Tropical Centre, 2009; Minh et al., 2008; Schecter A et al., 2001).  
Although it has been almost four decades since herbicide spraying ended, hundreds of 
thousands of people who live at the dioxin hot spots may still face high health risks due to 
exposure to dioxin in the environment, especially through the consumption of dioxin 
contaminated foods (T. T. Tuyet Hanh et al., 2010). In response to this, a public health 
intervention program, composed of education, public communication, and policy advocacy 
components, to reduce the risk of dioxin exposure through the food chain for local people 
was implemented by Vietnam Public Health Association and its provincial branches from 
2007 to 2008 in Trung Dung and Tan Phong wards, Bien Hoa dioxin hot spot (Vu Anh L, 
Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha N, 2010). This program was 
expanded to four wards in Da Nang dioxin hot spot in the period from 2009 to June 2011. 
Section 2.4 of this Chapter and Chapter 4 provide an overview introduction about these 
intervention programs. 
2.3. Human health risks due to dioxin exposure 
Health impacts of dioxin on humans, animals and the ecosystem have been reported in 
various studies. Studies on animals show that dioxin exposures affects the hepatic, 
reproductive, nervous, immune, endocrine, cardio-vascular, and pulmonary systems 
(Center for Health Environment and Justice, 1999). The Institute of Medicine (2014), 
stated in the report “Veterans and Agent Orange: Update 2012” that: “sufficient evidence 
exists to link chronic lymphocytic leukemia (including hairy cell leukemia and other 
chronic B-cell leukemia), soft-tissue sarcoma (including heart), non-Hodgkin’s lymphoma, 
Hodgkin’s disease, and chloracne with dioxin exposure”. There is “limited or suggestive 
evidence of an association” between exposure and laryngeal cancer, cancer of the lung, 
bronchus, or trachea, prostate cancer, multiple myeloma, AL amyloidosis, early-onset 
transient peripheral neuropathy, Parkinson’s disease, porphyria cutaneatarda, hypertension, 
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ischemic heart disease, type 2 diabetes (mellitus), and spinal bifida in offspring of exposed 
people (Institute of Medicine, 2014). Additionally, dozens of adverse health outcomes 
were assessed as “inadequate or insufficient evidence to determine association” because 
the available epidemiologic studies worldwide were not of sufficient quality, consistency, 
or statistical power. Spontaneous abortion after paternal exposure to TCDD, was the only 
adverse health outcome being categorized as “limited or suggestive evidence of no 
association” (Institute of Medicine, 2014). 
According to Vietnam Ministry of Health (2008), 17 diseases were listed as diseases 
associated with dioxin exposure (Table 2.2). The first four were classified in the group 
“Sufficient Evidence of an Association” by the Institute of Medicine (2014), while the 
remaining 13 were classified as “limited or suggestive evidence of an association” between 
exposure and the health outcomes. 
Table 2.2. List of health outcomes associated with dioxin exposure, according to 
Vietnam Ministry of Health (Vietnam Ministry of Health, 2008) 
1. Soft-tissue sarcoma;  
2. Non-Hodgkin’s lymphoma 
3. Hodgkin’s disease;  
4. Chloracne 
5. Laryngeal cancer,  
6. Cancer of the lung, bronchus, 
7. Cancer of trachea,  
8. Prostate cancer  
9. Ischemic heart disease;  
10. Multiple myeloma; 
11. Early-onset transient peripheral 
neuropathy;  
12. Spinal bifida in offspring of 
exposed people  
13. Type 2 diabetes  
14. Porphyria cutaneatarda 
15. Reproductive disorders 
16. Birth defects in offspring of 
exposed people 
17. Neurobehavioral disorders 
 
Thus, there are conflicting conclusions on the health outcomes of dioxin exposure between 
the American and Vietnamese authorities. More statistically rigorous scientific evidence is 
needed to reconcile this issue. That is, what are the specific health risks for residents who 
live at dioxin hot spots, where environmental and food samples clearly show elevated 
levels of dioxin, with some samples at hundreds or thousands times higher than the 
international standards? 
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2.4. Overview of the Public Health Intervention Programs implemented in Bien 
Hoa (2007-2009) and Da Nang (2009-2011) dioxin hot spots 
Based on the results of the pre-intervention Knowledge – Attitude – Practice (KAP) 
surveys in 2007 (Bien Hoa) and in 2009 (Da Nang), public health intervention programs 
with a multi-discliplinary approach and social civil mobilization were developed and 
implemented in 2008 (Bien Hoa) and June 2010 to June 2011 (Da Nang) by VPHA and its 
provincial branches in Dong Nai Province and Da Nang City. The intervention programs 
incorporated the following three components:  
1. Training and increasing KAP for members of Dong Nai and Da Nang Public Health 
Associations, representatives of related stakeholders, and collaborators on 
preventing dioxin exposure through food;  
2. Implement Information-Education-Communication (IEC) activities to improve 
KAP on reducing the risk of dioxin exposure for local residents living in Trung 
Dung and Tan Phong wards (Bien Hoa) and An Khe, Chinh Gian, Hoa Khe and 
Thanh Khe Tay wards (Da Nang), especially for food handlers in households; and  
3. Advocate policy to reduce the risk of dioxin exposure through foods for local 
residents (Tuyet-Hanh  et al., 2013).  
To assess the results of these intervention programs, pre-intervention and post-intervention 
KAP surveys were implemented with samples of 400 householders, systematically and 
randomly selected from the Trung Dung and Tan Phong wards (Bien Hoa Airbase in 2007 
and 2009) and the four closest wards to Da Nang Airbase in 2009 and 2011, respectively. 
Respondents were people aged 16-65 years, who were mainly responsible for purchasing 
and/or preparing foods for their families. Detailed information about the intervention 
programs and its results were presented in a manuscript published in 2013 (Tuyet-Hanh  et 
al., 2013) (see Chapter 4. Paper 1 of this thesis report). 
This present study assessed the sustainability of these programs after two and a half and 
five years post cessation in Da Nang and Bien Hoa dioxin hot spots and helped to 
determine whether further expansion of the model to other dioxin hotspots was warranted. 
This provided a comprehensive assessment of health risks for local residents living at four 
program wards in Da Nang, two program wards in Bien Hoa and a control ward in Bien 
Hoa where the recent environmental studies showed similar level of dioxin pollution in the 
environment.  
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2.5. Previous dioxin risk assessment at Bien Hoa and Da Nang dioxin hot spots 
Before designing and implementing the Public Health intervention program in Bien Hoa, a 
risk assessment activity was undertaken, following the Australian Environmental Health 
Risk Assessment Framework to assess the human health risk of dioxin exposure through 
foods for local residents in Trung Dung and Tan Phong wards of Bien Hoa City, Vietnam 
(T. T. Tuyet Hanh et al., 2010). With this framework, risk was defined as: Risk = 
Probability x Consequences x Hazard x Exposure. In a simpler model, risk was 
determined by the following equation:  Risk = Hazard x Exposure (National Research 
Council Paradigm, 1983). A range of stakeholders from central government to local levels 
were involved in the risk assessment process. Results showed that local residents who had 
consumed locally cultivated foods, especially fresh water fish and bottom-feeding fish, 
free-ranging chicken, duck, and beef were at very high risk, with their daily dioxin intakes 
far exceeding the tolerable daily intake level recommended by the WHO (T. T. Tuyet Hanh 
et al., 2010). The study, however, had some limitations, including: exposure assessment 
was based on secondary data of a study on the levels of dioxin in foods in Bien Hoa, with 
only 16 food samples, which may not fully represent the situation in Bien Hoa City. In 
addition, there was a lack of data on dioxin levels in major types of local and imported 
foods consumed in Trung Dung and Tan Phong wards as well as on the food consumption 
patterns of local residents. There has been no risk assessment done to assess health risks 
due to dioxin exposure among local residents living in Buu Long ward in Bien Hoa nor in 
four wards surrounding Da Nang Airbase.  
Hatfield Consultants and other organizations have undertaken extensive environmental 
sampling and analysis of soil, mud, some aquatic plants, fish, blood and milk samples at 
both Bien Hoa and Da Nang (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009, 2011; Hatfield Consultants Ltd and Viet Nam – Russia 
Tropical Centre, 2009). However, the risk assessments focused mainly on areas inside the 
airbases, and were not specific to assessing the risk due to dioxin exposure in foods for 
local residents, while it is estimated that approximately 90% of dioxin in the human body 
comes from food intake. Thus, the remaining gap was: to determine the exposure risk from 
food for local residents living at six intervention wards and one non-intervention ward in 
Bien Hoa and Da Nang dioxin hot spots and did the public health intervention programs 
implemented at the six wards help to reduce the risks for local residents through reducing 
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the exposure levels. These gaps were covered in this study, and the methods for the 
assessment are described in detail in Chapter 3. 
2.6. Assessing the sustainability of public health intervention programs 
2.6.1. Concepts of program sustainability 
In recent years, emphasis on the sustainability of health intervention programs has 
increased, but there is little consensus on the conceptual and operational definitions of 
sustainability (Rizkallah & Bone, 1998). The concept of sustainability refers to the 
continuation of programs without outside help, which means when the financial, 
organizational, and technical aid of external donors/organizations ceases (Swiss 
Directorate for Development Cooperation and Humanitarian Aid, 1991). According to 
Scheirer (2005), a sustained program was defined as a set of durable activities and 
resources aimed at program-related objectives. Maintaining the long-term benefits of 
health interventions depends on sustaining innovations after programs officially cease, and 
this is still a major challenge to many organizations. The sustainability process is still not 
completely understood and so identifying factors affecting program sustainability is still a 
challenge for researchers (Rizkallah & Bone, 1998). Furthermore, a ready-to-use method is 
not yet available for assessing program sustainability (Pluye, Potvin, & Denis, 2004). 
Thus, it is still a challenge for related stakeholders to know how and when to influence 
program sustainability, and for researchers to evaluate the level of sustainability, and to 
study the outcomes (Pluye et al., 2004).  
2.6.2. Indicators of program sustainability 
Sustainability is a complex concept, which must be assessed in terms of carefully defined  
indicators. Bamberger and Cheema (1990) developed a set of 20 indicators for assessing 
program sustainability. These comprised four main groups, each with five subgroups and 
combined quantitative and qualitative aspects of program performance (Bamberger & 
Cheema, 1990). This set of indicators was not specifically developed to assess the 
sustainability of public health intervention programs, but was used to assess the 
sustainability of most kinds of social development programs, including programs in 
agriculture and rural development; urban development; population health and nutrition; 
and education (Bamberger & Cheema, 1990). Rizkallah and Bone (1998) also proposed 
three key categories of indicators for assessing program sustainability, which includes: (1) 
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Maintaining the health benefits achieved through the initial program; (2) Continuing 
program activities within an organizational structure (level of institutionalization); and (3) 
Long-term capacity building in the recipient community (Rizkallah & Bone, 1998). 
However, these were only general indicators and in this study, we had to develop our own 
specific indicators for assessing the sustainability level of the public health intervention 
programs to reduce the risk of dioxin exposure in Vietnam. In 2009, a framework for 
evaluating the sustainablity of community-based dengue control programs was developed 
based on two frameworks by Bamberger and Cheema (1990) and Rizkallah and Bone 
(1998) (T. Tuyet Hanh, Hill, Kay, & Minh Quy, 2009). This offered a practical tool for 
assessing community-based program sustainability and was amenable to adaptation for 
specific interventions. Figure 3.3 (Chapter 3) describes in detail the framework and 
indicators for assessing the sustainability of the public health intervention programs to 
reduce the risk of dioxin exposure at Da Nang and Bien Hoa dioxin hot spots after 2.5 and 
five years of completion. 
2.6.3. Factors affecting program sustainability 
Bamberger and Cheema (1990) revealed that the sustainability of any program is generally 
affected by three broad groups of factors. These included: design and implementation; 
organization and external factors operating at different levels (Bamberger & Cheema, 
1990). Rizkallah and Bone (1998), also listed three similar groups of 11 factors, which 
potentially affected the sustainability, including: (1) Project design and implementation 
factors: project negotiation process, project effectiveness, project duration, project 
financing, project type, training component included; (2) Factors within organizational 
setting: institutional strength, integration with existing programs/services, program 
champion/leadership; (3) Factors in the broader community environment: socioeconomic 
and political considerations, and community participation (Rizkallah & Bone, 1998). Swiss 
Directorate for Development Cooperation and Humanitarian Aid (1991) also proposed six 
principles of program sustainability, which are summarized in Figure 2.5. 
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Figure 2.5. The six principles of program sustainability 
Adapted from: (Swiss Directorate for Development Cooperation and Humanitarian Aid, 
1991) 
This research examined underlying factors affecting program sustainability after 2.5 and 
five years of completion, based on the three major groups of factors suggested by 
Rizkallah and Bone (1998), and the six principles of program sustainability (Swiss 
Directorate for Development Cooperation and Humanitarian Aid, 1991). These were 
adapted to reflect the characteristics of the programs implemented at the two dioxin hot 
spots, the local socio-economic, cultural, and political circumstances.  
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CHAPTER 3. RESEARCH METHODS 
 
3.0. Research design 
Risk assessment provides a systematic approach for characterizing the nature and level of 
health risks due to different environmental health hazards. The use of risk assessment as a 
tool in the decision making process has become increasingly important over the last two 
decades. In 2004, the Department of Health and Ageing and Australian enHealth Council 
developed the Environmental Health Risk Assessment Framework- guidelines for 
assessing human health risks from environmental hazards. This framework  was updated in 
2012, which provides a comprehensive tool for assessing and managing various 
environmental health risks (Australian enHealth Council, 2012). This research applied the 
guidelines for quantitative health risk assessment. Figure 3.1 outlines the main components 
of the environmental health risk assessment process  undertaken in this research 
(Australian enHealth Council, 2012).  
To assess the sustainability of the Public Health intervention programs, a composite 
framework was developed and applied based on the original frameworks of Shediac-
Rizlallah and Bone (1998) and Bamberger and Cheema (1990) taking into account the 
characteristics of the Public Health intervention program implemented in Bien Hoa and Da 
Nang dioxin hotspots (Bamberger & Cheema, 1990; Rizkallah & Bone, 1998). Three 
aspects of the program sustainability were examined, including: (1) maintainence of health 
benefits from the program; (2) continuation of program activities within an organizational 
structure; and (3) capacity building for recipient communities (see Figure 3.2) (Rizkallah 
& Bone, 1998). Figures 3.2 and 3.3 describe the framework and lists of indicators for 
assessing the programs’ sustainability. 
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Figure 3.1. Environmental health risk assessment process (Australian enHealth Council, 
2012) 
 
 
 
 
 
 
 
 
Figure 3.2. Aspects of Program’s sustainability (Rizkallah & Bone, 1998) 
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(Bamberger & Cheema, 1990) and (T. Tuyet Hanh et al., 2009) were used. According to 
Bamberger and Cheema (1990), indicators can be scored as: 1 = "Very Poor," 2 = "Poor," 3 
= "Average," 4 = "Good," and 5 = "Very Good". In this study, 12 indicators were scored as 
the following: 
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§ 5 = As good as, if not better than post-intervention survey results  
§ 4 = Not as good as post-intervention survey results, but better than control 
site (Buu Long Ward 2013)  
§ 3 = Not as good as during project period, but similar/equal to the control 
site.  
§ 2 = Worse than during project period & the control site (Buu Long 2013). 
§ 1 = Much worse than during project period and the control site (Buu Long 
2013) 
 
Figure 3.3. Conceptual framework: groups of program sustainability indicators  
(adapted from Bamberger & Cheema 1990, Rizkallah & Bone 1998, (T. Tuyet Hanh et al., 
2009) 
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In order to assess the sustainability levels of the programs implemented at the two hot 
spots, the absolute total scores were converted to mean value scores by taking the total 
score divided by the number of indicators (in this case 12 indicators). The “five interval 
rating system” was applied to assess the overall level of the program sustainability (T. 
Tuyet Hanh et al., 2009): 
§  1 à < 1.5   = “Regressive” 
§     1.5 à < 2.5 = “Not sustained"  
§  2.5 à < 3.5 = “Moderately sustained"  
§  3.5 à < 4.5 = "Well Sustained" 
§  4.5 à 5      = "Highly sustained” 
Factors that may affect the program sustainability were considering in three major groups 
and were based on the frameworks of Bamberger & Cheema (1990) and Rizkallah & Bone 
(1998): (1) Program design and implementation factors; (2) Factors within the 
organizational setting; and (3) Factors in the broader community environment (Figure 
3.4.). 
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Figure 3.4. Potential factors affecting the programs’ sustainability 
(adapted from Bamberger & Cheema 1990, Rizkallah & Bone 1998) 
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This research project included four major components, as follow: 
1. A comprehensive literature review on the following: (i) Background socio 
economic information of Bien Hoa and Da Nang dioxin hot spots; (ii) Agent Orange and 
other herbicides used during the Vietnam War; (iii) Basic environmental chemistry and 
toxicity of dioxin, (iv) Adverse health effects and dose-response relationship of dioxin; 
(v) Environmental health risk assessment methods (vi) Research program and 
intervention programs on dioxin issues that have been implemented at Bien Hoa and Da 
Nang dioxin hot spots; (v) Methods for assessing the sustainability of public health 
intervention programs. The results of this component are presented in Chapter 2 and 
Chapter 4: paper 1 of this thesis. 
2. Assessing and comparing the potential health risks due to dioxin exposure for local 
residents at two program wards near Bien Hoa Airbase and four program wards near Da 
Nang Airbase with two non-program wards near Bien Hoa Airbase, using both secondary 
and primary data sources. This relates to objective 1 and the results of this component are 
presented in chapters 5 (paper 2). 
3. Assessing the sustainability of the Public Health intervention programs 
implemented in Da Nang and Bien Hoa dioxin hot spots after three and five years of 
completion, respectively. This relates to Objective 2 and the results are presented in 
Chapters 6 and 7 (i.e. papers 3 and 4). 
4. Identifying factors that affect the sustainability of the programs. This relates to 
Objective 3 and the results are presented in Chapter 8 (i.e. paper 5). 
3.1. Research methods 
This research applied both qualitative and quantitative methods.  
For Objective 1, “Assessing the environmental health risk of dioxin exposure for local 
residents living in Bien Hoa and Da Nang dioxin hot spots”, the framework for 
environmental health risk assessment (Australian enHealth Council, 2012) was used, with 
the following steps: 
• Issue identification: This was the first step in the EHRA framework, which 
identified issues relevant to the risk assessment and assists in establishing the 
context within which the risk assessment was undertaken. This step was undertaken 
by collecting and analysing secondary data on levels of dioxin pollution at the two 
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dioxin hot spots, the interventions already implemented, stakeholders involved etc. 
and primary qualitative data at the two dioxin hot spots.  
• Hazard identification of dioxin: This step aimed to determine what types of 
adverse health effects might be caused by dioxin, and how quickly the adverse 
health effects might be experienced. Results from a range of studies, including 
human studies (observational and clinical epidemiological studies), animal studies 
(toxicological studies on animals where they are exposed to a range of doses and 
various end points/effects observed), in vitro studies and mechanistic studies have 
been reviewed for this step. 
• Dose-response assessment of dioxin: aimed to determine the relationship between 
various exposure levels and their effects, particularly adverse effects. These were 
assessed via: effect levels (for example, lethal dose - LD, lethal concentration - LC, 
lowest observable adverse effect level - LOAEL) and no observed adverse effect 
levels (NOAELs); therapeutic indices; and models to interpolate high dose 
experimental data to the low doses most likely to be experienced in the 
environment (Australian enHealth Council, 2012). This step has been undertaking 
by collecting and analysing data already available in the literature on the dose-
response relationship of dioxin, especially TCDD. Results from toxicology and 
epidemiological studies regarding dose-response relationship of dioxin were 
reviewed and summarised. 
• Exposure assessment: this step involved determining the magnitude, frequency, 
extent, character and duration of dioxin exposures in the past, at present and in the 
future. It also includes identifying the exposed populations and potential exposure 
pathways (Australian enHealth Council, 2012). The levels of exposure to dioxin 
among local residents living in the two dioxin hot spots (program wards and non-
program wards) were quantitatively assessed using data from household surveys 
(for assessing knowledge, attitude and practice as well as dietary intake), secondary 
data on the levels of dioxin in the environment, foods, blood and milk samples. In 
addition, to estimate the dioxin intake from food, it was important to know the 
relative contribution of dioxin from different food groups, the consumption 
frequency and amount of different food consumed. At the two dioxin hot spots, 
some existing data were available on the concentrations of dioxin in some foods. 
For a more accurate estimation of the intake, extra 46 pooled samples were taken 
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and analysed. In addition to this data, a household survey was undertaken and the 
data from National Food Frequency Survey was used to assess the quantity of 
different types of foods currently consumed by local residents. 
• Risk characterisation: this was the final step in the EHRA process. It sought to 
integrate the information from the hazard assessment (i.e. hazard identification and 
dose-response assessment) and exposure assessment steps; to describe the risks to 
individuals and populations due to dioxin in terms of the nature, extent and severity 
of potential adverse health effects; and to provide an evaluation of the overall 
quality of the assessment and of the assumptions made and conclusions drawn 
when estimating risks. 
• Risk communication and stakeholder engagement: these activities were 
implemented during the risk assessment process. The following stakeholders were 
involved: Office 33 – The Vietnam Ministry of Natural Resource and Environment, 
The Dioxin Laboratory, Vietnam Public Health Association and its branches in Da 
Nang and Bien Hoa, Provincial Department of Preventive Medicine, Provincial 
Health Department, Department of Agriculture and Rural Development, Provincial 
Department of Natural Resources and Environment, Military bases, local residents 
etc. in Da Nang and Bien Hoa. 
For Objective 2: quantitative and qualtitative methods were used to assess the levels of 
sustainibility of the Public Health intervention programs after 2.5 and 5 years of 
completion in Da Nang and Bien Hoa dioxin hot spots. Results from pre-intervention and 
post-intervention surveys undertaken by the VPHA at the two dioxin hot spots, together 
with the results of the survey undertaken in 2013 were used for the assessment. Three key 
categories of indicators were used, including: (1) Maintaining the health benefits achieved 
through the initial program; (2) Continuing program activities within an organizational 
structure (level of institutionalization); and (3) Long-term capacity building in the recipient 
community (Rizkallah & Bone, 1998). Based on these three key categories, the list of 20 
indicators (Bamberger & Cheema, 1990) and the characteristics of the intervention 
programs, a specific list of 12 indicators was developed to assess the sustainability of the 
programs at two dioxin hot spots. The results of the survey in 2013 were compared with 
those in the pre-post intervention surveys in Da Nang and Bien Hoa to determine if the 
results of the intervention programs have been sustained after 2.5 and five years of 
intervention. 
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Objective 3: indepth interviews and group discussions were implemented for exploring the 
factors affecting the level of program sustainability. This study explored different factors 
affecting the sustainability of the program, based on the three major groups of factors 
suggested by Rizkallah and Bone (1998), which included: (1) project design and 
implementation factors, (2) factors within the organizational setting, and (3) factors in the 
broader community environment (Rizkallah & Bone, 1998).   
3.2. Study sites and participants 
3.3.1. Study sites 
This research was undertaken at the two most severe dioxin hot spots in Vietnam, 
including Da Nang and Bien Hoa airbases and the surrounding areas (Hatfield Consultants 
and Office of the National Steering Committee 33 MONRE, 2009, 2011; Minh et al., 2008; 
Schecter et al., 2001). Trung Dung and Tan Phong wards near Bien Hoa Airbase and An 
Khe, Hoa Khe, Chinh Gian and Thanh Khe Tay wards (near Da Nang Airbase) were 
engaged in the public health interventions to reduce the risk of dioxin exposure for local 
residents (Tuyet-Hanh  et al., 2013; Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh 
N, & Thanh Ha N, 2010; Vu Anh et al., 2011). This work was done by the Vietnam Public 
Health Association and its provincial branches in the periods 2007-2009, and 2009-2011, 
respectively with the funding support from the Ford Foundation. In addition to these six 
intervention wards, the study involved Buu Long Ward, acting as the control site, which 
was located near newly discovered severely dioxin polluted areas in Bien Hoa Airbase 
(figures 3.5, 3.6) and had similar socio-economic status to the intervention wards. The 
levels of dioxin in the soil and mud at the airbase site close to Buu Long Ward were as 
high as those near Trung Dung and Tan Phong wards, and to date there is no public health 
intervention has been implemented in Buu Long area. 
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Figure 3.5. Current prioritized dioxin hot spots and study sites in Da Nang and Bien 
Hoa, Vietnam 
3.3.2. Study participants 
This study involved the following participants/samples 
• Representatives of households living at four wards surrounding Da Nang Airbase 
and four wards surrounding Bien Hoa Airbase (two program wards and two control 
wards), age 18-60 years old and mainly responsible for buying and/or preparing 
foods for the families. 
• Different types of foods available at local markets and growth/cultivated inside and 
surrounding airbases or at households at the three study sites. 
• Public Health intervention programs’ staff at different levels 
• Representatives of related stakeholders 
• Programs’ collaborators 
An Khe, Hoa Khe, Chinh 
Gian and Thanh Khe Tay 
wards, Da Nang: Public 
Health Intervention 
Program implemented 
2009-2011 – Site 1 
Trung Dung, Tan Phong 
wards, Bien Hoa: Public 
Health Intervention 
Program implemented 
2007-2009 – Site 2 
Buu Long ward, Bien 
Hoa (no intervention) – 
the control group – 
Site 3 
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• Secondary data on the levels of dioxin in the environment, foods, breast milk and 
bloods taken from the two dioxin hot spots. 
• Secondary data on the Public Health intervention programs implemented in Bien 
Hoa and Da Nang. 
 
Figure 3.5. Two program wards near Bien Hoa Airbase (Trung Dung and Tan Phong 
wards) and one non-program ward, acting as the “control group” (Buu Long ward). 
Adapted from: (Hatfield Consultants and Office of the National Steering Committee 33 
MONRE, 2011) 
3.3. Data collection methods and designs 
This research applied both quantitative and qualitative methods, with secondary and 
primary data sources. The following data collection methods were applied: 
• Collected secondary data on socio-economic status of the two dioxin hot spots, the 
levels of dioxin in environment, food, blood and milk samples taken at the hot 
spots. 
• Collected secondary data on the Public health intervention programs implemented 
at Bien Hoa and Da Nang hot spots, the pre-intervention and post-intervention 
surveys on the knowledge, attitude, and practice (KAP) of local residents on dioxin 
and preventive measures. 
• Conducted household survey at  the two hot spots. Representatives from 400 
households per study site (similar to the sample sizes used in the pre and post 
Tan 
Phong 
Trung 
Dung 
Buu 
Long 
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intervention KAP surveys) (four program wards in Da Nang (study site 1), two 
program wards in Bien Hoa (study site 2) and 200 households at one non-program 
ward in Bien Hoa (study site 3)) were interviewed to assess their knowledge, 
attitude and practice toward preventing dioxin exposure, as well as to assess their 
food intake level (total n = 1000).  
• Conducted 16 indepth interviews of related stakeholders at different levels in Bien 
Hoa and Da Nang cities. 
• Conducted six focus group discussions among collaborators of the Public health 
intervention programs implemented in Bien Hoa and Da Nang (one focus group 
discussion per ward). 
• The existing secondary data on the concentrations of dioxin in the environment, 
food, blood and milk samples could be used for risk assessment purposes. 
However, the number of food samples already analyzed was quite limited. 
Therefore, 61 pooled food samples were taken at the 3 study sites for dioxin 
analysis. The collection of 61 pooled food samples was undertaken from 
households, local markets and surrounding the airbases for dioxin concentration 
analyses, and due to limitation in budget, 46 samples were analysed (Figure 3.6).  
• Commonly consumed foods belonging to two groups were collected from local 
areas and analysed, which included: (1) Potentially high risk foods including: free 
range chicken meat and eggs, free range duck meat and eggs, fresh water fish and 
snails caught at local ponds surrounding the two airbases, beef, and pumpkin; (2) 
Potentially low risk foods including foods bought at local markets such as: caged 
chicken; meat; eggs, caged duck and duck eggs; fish and prawns; leafy vegetables; 
fruit; vegetables; rice and pork. The types and numbers of food samples to be taken 
and analysed are summarized in Table 3.1 Pooled samples were formed by 
combining 5-15 individual samples. A detailed discussion on the food sampling 
strategy design  and dioxin analysis procedures are presented in Figure 3.7.   
 
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
	  
34 
a.  
b.  
Figure 3.6. The maps of Bien Hoa (a) and Da Nang (b) airbases and residential areas 
surrounding the airbases where the food samples were collected 
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Table 3.1 Number of pooled food samples were taken for risk assessment of dioxin in 
foods at  studied dioxin hot spots   
No. 
Types of 
foods 
No. of samples 
at Da Nang  
No. of samples 
at Trung 
Dung, Tan 
Phong wards 
No. of samples 
at Buu Long 
(control 
wards) 
Total Food 
sampling in 
the field 
1 Pork 1* 1* 1* 3 
 
2 Pork fat 1* 1* 1* 3 
3 Pig liver 1* 1* 1* 3 
4 Beef 2* 2* 2* 6 
 5 Buffalo 1* 1* 1* 3 
6 Chicken (free 
ranged) 
2** 2 ** 2** 6 
 
7 Chicken (in 
cage) 
1** 1 ** 1** 3 
 
8 
Wild goose 
/duck 
2** 2 ** 2** 6 
 
9 
Fresh water 
fish 
3 (at local 
lakes)  
3 (at local 
lakes) 
3 (at local 
lakes) 
9 
 
10 
Seafood 
1* 1* 1* 3 
 
13 Vegetables 
(leaves) 
1** 1 ** 1** 3 
 
14 Pumpkin 1** 1 ** 1** 3 
15 
Chicken eggs 
(free range) 
1** 1 ** 1** 3 
 
16 
Caged chick. 
eggs  
1** 1 ** 1** 3 
 
17 
Duck eggs 
1** 1 ** 1** 3 
 
18 Rice 1 1  
  
TOTAL 
20 20 20 61 
 
Note: foods written in italics were potentially at higher risks. Each pooled sample was 
formed by combining 5-15 individual samples. * = taken at local market; ** = taken at 
households 
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Figure 3.7. Detailed conceptual food sampling design for dioxin analysis at Da Nang 
and Bien Hoa dioxin hot spots and the hypothesis on different levels of risk at studied 
sites 
3.4. Variables 
Quantitative variables 
• Demographic variables: sex, age, ethnic group, occupation, education 
	  
	  
LOWER LEVEL OF EXPOSURE HIGHER LEVEL OF EXPOSURE 
RISK = HAZARD x EXPOSURE 
LOWER RISK HIGHER RISK 
POTENTIAL HIGH RISK FOODS 
• Fresh water fish at local ponds in and 
surrounding airbases 
• Local free range chicken & eggs 
• Duck/wild goose raised in/surrounding 
airbases, eggs 
• Beef, buffalo meat raised surrounding 
Bien Hoa Airbase 
• Pumpkin growth in/surronding airbases 
• Liver, fat of local animals 
 
POTENTIAL LOW RISK FOODS 
• Seafoods in market 
• Chicken in cages 
• Duck/wild goose in markets imported 
from other  non pulluted areas 
• Beef, buffalo meat in markets, imported 
from other non polluted areas 
• Vegetables and fruits growth in other 
districts/provinces far from the Airbases 
• Chicken eggs, duck eggs from other 
areas 
• Pork meat in market… 
Local residents living at Trung Dung, 
Tan Phong wards (Bien Hoa); An Khe, 
Hoa Khe, Chinh Gian, Thanh Khe Tay 
wards (Da Nang) – program wards 
Local residents living 
at Buu Long Ward 
(Bien Hoa) – the 
control ward 
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• Time being residents at the hot spots 
• Food intake, types of food consumption, and food purchasing practices 
• Knowledge, attitudes and practices of local residents at three study sites toward 
preventing dioxin exposure 
• Crop production and animal husbandary practices 
• Communication channels/information sources on preventing dioxin exposure 
• Concentrations of dioxin in soil, mud, food, blood, milk at study sites  
In addition to the above quantitative variables, qualitative aspects affecting program 
sustainability suggested by Rizkallah and Bone (1998) were explored using the results of 
indepth interviews of related stakeholders and focus group discussions. These included the 
following: 
• Program design and implementation factors: Program design process; Program 
duration; Program financing; Training component included.   
• Factors within organizational setting: Institutional strength; Integration with 
existing programs/services; Program leadership  
• Factors in the broader community environment: Socioeconomic and political 
considerations; Community participation (Rizkallah and Bone, 1998).  
3.5. Research Instruments 
For the 1st objective, the following research instruments were used: 
• Household KAP survey questionnaire on dioxin, preventive measures and food 
intake 
• Indepth interview guidelines 
• Forms to collect existing secondary data on the concentrations of dioxin in food, 
soil, mud, blood and milk samples taken at the dioxin hot spots. 
• Standard procedures for food sampling and analysing of dioxin.  
Figure 3.8 below showing some pictures taken during data collection phase in 2013. 
For the 2nd and 3rd objectives, the following research instruments were used: 
• Household KAP survey questionnaire on dioxin, preventive measures, food intake 
• Indepth interview guidelines, focus group discussion guidelines 
• Forms for secondary data collection 
 
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
	  
38 
  
  
 
Figure 3.8. Different data collection methods at Bien Hoa and Da Nang, 2013 
3.6. Data Management and Analytical Techniques 
KAP survey analysis: the quantitative household survey data were entered into a 
computer using Epi-INFO Program and analyzed by STATA 12. Qualitative data from in-
depth interviews and focus group discussions were transcribed, coded and analysed 
according to different themes. 
Chemical analysis 
Sample preparation 
Extraction: All samples were freeze-dried and ground to homogenized powder prior to the 
extraction step. Sample extraction was done by the pressurized liquid extraction system 
(PLE, FMS Co Ltd., USA). The extraction pressure was set to 1700 psi, the practical 
temperature was 120 °C. Ten grams of homogenized sample was mixed with anhydrous 
sodium sulfate and filled up to the extraction cell (100 mL). The surrogate standard 
solution, composed of 10–20 pg of each 2,3,7,8-substituted 13C-PCDD/Fs congener 
(except 13C-1,2,3,7,8,9-HxCDD and 13C-OCDF) was spiked into the sample mixture and 
let stand for approximately 30 min. Extractions were performed with 10% 
dichloromethane/n-hexane. The sample extracts (except vegetable and rice extracts) were 
determined for the lipid content using the gravimetric method. 
Clean-up: The efficiency of the cleanup process was controlled by adding 1 pg of the 37Cl-
2,3,7,8-TCDD clean-up standard solution to all extracts. The sample extracts were defatted 
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with concentrated sulfuric acid and further purified and fractionated continuously on the 
automatic clean-up, the Power-Prep system (FMS Co Ltd., USA). Finally, the concentrated 
eluate of the sample was further evaporated with a gentle stream of nitrogen gas and spiked 
with 20 µL of injection standard containing 10 pg 13C-1,2,3,4-TCDD and 20 pg 13C-
1,2,3,7,8,9-HxCDD prior to analysis.  
HRGC/HRMS analysis 
The quantification of the seventeen 2,3,7,8-substituted PCDD/Fs congeners were 
performed using the Micromass Autospec Ultima system (Waters Co. Ltd.) coupled with 
7890A gas chromatograph (Agilent Co. Ltd.) using the DB-5MS capillary column (60 m × 
0.25 mm I.D, 0.25 µm film thickness, J&W Scientific Inc., Folsom, CA). The details of 
operating conditions were reported in the previous publish (Hue et al., 2014). The detection 
limit of this method (MDL) was 0.1 pg/g lipid for PCDD/F-TEQ. The analytical quality 
assurance has been applied in all the analytical processes following the ISO/IEC 17025 
standard. Besides, the quality of the analytical method has been confirmed via the 
successful results of the interlaboratory assessment programs organized by United Nations 
Environment Program for analysis of dioxins/furans in fish samples (UNEP, 2012) (UNEP, 
2014). The results were reported as total TEQ (toxic equivalence) of 17 dioxin/furan 
compounds (Table 3.2) according to the World Health Organization’s Toxic Equivalency 
Factors for Dioxins and Dioxin-like Compounds (M Van den Berg, 2006). 
3.7. Health, safety and ethics statement 
This research involved interviewing representatives of households who were responsible 
for purchasing and/or preparing food for the families. Standard questionaire forms were 
used. In addition, various stakeholders were involved in in-depth interviews and focus-
group discussions. For the 1st objective of this research, 61 food samples were collected 
and due to budget limitation, 46 samples were analysed for dioxin concentrations. Standard 
protocols for sampling and analysing of food samples for dioxin were applied (US EPA, 
1994). For the 2nd and 3rd objectives, the reseacher only asked the respondents to complete 
a questionaire and some in-depth interviews and focus group discussions. An application 
for low risk ethical approval to both the QUT Human Research Ethics Committee and 
Research Ethics Committee of Hanoi School of Public Health were made after the 
Confirmation seminar held on the 1st of August 2012. Ethical approvals were gained before 
the research was implemented. This research did not require any commercial products nor 
patents. Authorship was guided by Ms. Tran Thi Tuyet-Hanh as the principal investigator.  
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Table 3.2. Dioxin/furan compounds were measured and their minimum detection 
limits 
Compound MDL (pg/g) 
2378-TCDD 0.01 
2378-TCDF 0.01 
12378-PeCDD 0.05 
12378-PeCDF 0.05 
23478-PeCDF 0.05 
123478-HxCDD 0.05 
123678-HxCDD 0.05 
123789-HxCDD 0.05 
123478-HxCDF 0.05 
123678-HxCDF 0.05 
123789-HxCDF 0.05 
234678-HxCDF 0.05 
1234678-HpCDD 0.05 
1234678-HpCDF 0.05 
1234789-HpCDF 0.05 
OCDD 0.1 
OCDF 0.1 
WHO-TEQ (ng/kg), ND = 0 0.11 
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CHAPTER 4. PAPER 1:  
New strategy toward dioxin risk reduction for local residents 
surrounding severe dioxin hotspots in Vietnam 
 
Tuyet-Hanh Thi Tran, Ngoc-Bich Nguyen, Vu-Anh Le, (2013). New strategy toward 
dioxin risk reduction for local residents surrounding severe dioxin hotspots in Vietnam. 
Global Health Action. 6. Doi http://dx.doi.org/10.3402/gha.v6i0.21105.  
Corresponding author: Tran Thi Tuyet-Hanh, Environmental Health Department, Hanoi 
School of Public Health, 138 Giang Vo Street, Hanoi, Vietnam. Email address: 
tth2@hsph.edu.vn ; Telephone number: +84 912955078 or +84 4 62662322; Fax: +84 4 
62662385. 
This paper based on the review of interventions, which have been undertaken at the two 
dioxin hot spots and suggested strategy for future interventions. 
4.0. Abstract 
Background: A public health intervention program with active involvement of local 
related stakeholders was piloted in the Bien Hoa dioxin hot spot (2007-2009), and then 
expanded to the Da Nang dioxin hot spot in Vietnam (2009-2011). It aimed to reduce the 
risk of dioxin exposure through foods for local residents. This article presents the results of 
the intervention in Da Nang.  
Methodology: To assess the results of this intervention program, pre-intervention and 
post-intervention knowledge-attitude-practice (KAP) surveys were implemented in 400 
households, randomly selected from four wards surrounding Da Nang Airbase in 2009 and 
2011, respectively.  
Results: After the intervention, the knowledge on the existence of dioxin in food, dioxin 
exposure pathways, potential high risk foods and preventive measures significantly 
increased (p < 0.05). 98% were willing to follow advice on preventing dioxin exposure. 
Practices to reduce the risk of dioxin exposure also statistical significantly improved (p < 
0.05). After intervention, 60.4% of households  undertook exposure preventive measures, 
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significantly higher than that of the pre-intervention survey (39.6%; χ2  =40.15,  p < 0.001). 
High risk foods had quite low rates of daily consumption (from 0% to 2.5%) and were 
significantly reduced (p < 0.05).  
Conclusions: This is seen as an effective intervention strategy toward reducing the risk of 
human exposure to dioxin at dioxin hot spots. While greater efforts are needed for 
remediating dioxin polluted areas inside airbases, there is also evidence to suggest that, 
during the past four decades, pollution has been expanding to the surrounding areas. For 
this reason, this model should be quickly expanded to the remaining dioxin hot spots in 
Vietnam to further reduce the exposure risk in these areas.  
Key words: dioxin hot spots, intervention program, dioxin exposure through foods, risk 
communication, dioxin risk reduction, Vietnam. 
4.1. Background  
Dioxin is a group of 75 chemicals called polychlorinated dibenzodioxins (PCDDs) that are 
derived mostly from anthropogenic sources and can persist in the environment for a long 
period of time (Center for Health Environment and Justice, 1999). Only 7 of the 75 dioxins 
have dioxin-like toxicity with 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the 
most toxic manmade chemical (Center for Health Environment and Justice, 1999). Once 
released into the atmosphere, dioxin is usually bound to particles such as incinerator ash, is 
shielded from photo-degradation, and stays suspended for a long period of time before 
settling (International Agency for Research on Cancer, 1997). In water, dioxin accumulates 
in the bottom mud and sediments of rivers, lakes, and ocean. Since dioxin is highly 
hydrophobic, it is taken up by aquatic organisms and is concentrated as it moves up the 
food chain to fish and eventually to humans. People can be exposed to dioxin through 
different pathways, including inhalation, ingestion and dermal absorption (Center for 
Health Environment and Justice, 1999). There are currently a large number of studies to 
examine the health impacts of dioxin on humans, animals and the ecosystem. Studies on 
animals show that dioxin exposure affects the hepatic, reproductive, nervous, immune, 
endocrine, cardio-vascular, and pulmonary systems (Center for Health Environment and 
Justice, 1999). The Institute of Medicine (2011), after reviewing recent scientific 
publications concerning associations between health outcomes and exposure to 2,3,7,8-
TCDD and other chemicals in herbicides used in Vietnam, stated that: “sufficient evidence 
exists to link chronic lymphocytic leukemia (including hairy cell leukemia and other 
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chronic B-cell leukemia), soft-tissue sarcoma (including heart), non-Hodgkin’s lymphoma, 
Hodgkin’s disease, and chloracne with dioxin exposure”. There is “limited or suggestive 
evidence of an association” between exposure and laryngeal cancer, cancer of the lung, 
bronchus, or trachea, prostate cancer, multiple myeloma, AL amyloidosis, early-onset 
transient peripheral neuropathy, Parkinson’s disease, porphyria cutaneatarda, hypertension, 
ischemic heart disease, type 2 diabetes (mellitus), and spinal bifida in the offspring of 
exposed people (Institute of Medicine Committee to Review the Health Effects in Vietnam 
Veterans of Exposure to Herbicides, 2011). 
During the Vietnam War, between 1962 and 1971, the United States (US) military forces 
sprayed approximately 76.9 million liters of herbicides as part of the Operation Ranch 
Hand, including as much as 366 kg of dioxin over Central and South Vietnam. Different 
tactical herbicides were used, including Agent Orange (AO), Agent White, Agent Purple, 
Agent Pink, Agent Green, and Agent Blue. AO accounted for much of the total chemical 
sprayed (Stellman et al., 2003) with 1.5 million hectares of land and forests sprayed. 
Dioxin was a by product of  2,4,5-T, which was the active ingredient for some of these 
herbicides (Young, 2009). There are currently 28 identified potential dioxin hot spots in 
Vietnam. Da Nang Airbase (in the Central of Vietnam) served as a bulk storage and supply 
facility for AO and other herbicides during the Vietnam War (the Operation Ranch Hand 
1961-1971) and is currently one of the three most severe dioxin hot spots in Vietnam 
(Hatfield Consultants, 2006; Stellman et al., 2003; Wayne Dwernychuk, 2005; Young, 
2009). Similar to the situation observed in the Bien Hoa dioxin hot spot in the South of 
Vietnam, local residents living at An Khe, Hoa Khe, Thanh Khe and Chinh Gian wards, 
surrounding Da Nang Airbase are at high risk of exposure to dioxin in soil, water, mud, air 
and foods. Potentially high risk foods are those being grown/raised at areas inside and 
directly surrounding the Airbase, such as fresh water fish, free-range chickens and ducks, 
pumpkin, lottus etc. (Schecter et al., 2003; T. T. Tuyet Hanh et al., 2010; Wayne 
Dwernychuk, 2005). Both the Bien Hoa and Da Nang dioxin hot spots have received 
attention from scientists and political leaders in Vietnam and internationally. A number of 
studies have measured the concentrations of dioxin in the environment, food, blood and 
breast milk. Similar to the results taken in Bien Hoa, samples of soil, sediment, blood and 
some types of local foods near Da Nang Airbase had elevated levels of dioxin and far 
exceeded the existing international standards of dioxin in the enviroment and foods 
(Hatfield Consultants, 2006; Hatfield Consultants and Office of the National Steering 
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Committee 33 MONRE, 2009; Schecter & Hoang, 1995). Previous studies have 
demonstrated that the main source of human exposure is through the consumption of 
dioxin contaminated foods, and it was estimated that 95% of background exposure to 
dioxin came from the food supply (Dwain, 2002; Institute of Medical Research, 2004).  
Until 2007, no intervention had been implemented to reduce the risk of exposure for local 
residents living at these two severe dioxin hot spots. Much attention has been directed 
toward providing health care and financial support for Agent Orange victims. These 
include soldiers who served during the War and had diseases associated with dioxin 
exposure, as well as their children with spinal bifida and other birth defects. Several small 
scale pilot remediation projects were also implemented inside the airbases. The local 
authorities or residents were not aware of the risk of being exposed to dioxin due to the 
consumption of locally produced high risk foods. People were not aware of: where the 
dioxin could be present in the environment; how it could enter into the humans; the 
possible health implications, and how to minimize the risk of exposures (Vu Anh et al., 
2008). A pilot public health intervention program was implemented by Vietnam Public 
Health Association (VPHA) and its provincial branch in the Bien Hoa dioxin hot spot 
during 2007-2009. Following the success of this program in reducing the risk of dioxin 
exposure for local residents (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & 
Thanh Ha N, 2010; Vu Anh et al., 2008), the Ford Foundation continued funding for the 
expansion of this intervention model to the four wards in the vicinities of the Da Nang 
Airbase. This intervention program aimed to: 1) Improve the knowledge, attitude and 
practice (KAP) of local residents in preventing dioxin exposure through foods by 
implementing information-education-communication (IEC) activities in the community; 2) 
Build capacity for staff and collaborators of Da Nang Public Health Association for the 
efficient implementation of the intervention program; 3) To strengthern the support and 
commitment of local leaders in order to develop policies, to assist in the reduction of the 
risk of exposure to dioxin in contaminated foods for local residents. This article describes 
the methodology behind the three components of the intervention program, the results of 
pre and post-intervention surveys and provides recommendations for future dioxin risk 
reduction in other dioxin hot spots. 
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4.2. Methods 
4.2.1. Public Health intervention program 
The results of the pre-intervention KAP survey in 2009; as described in the result section 
and experiences from the pilot intervention program implemented in the Bien Hoa dioxin 
hot spot (2007-2009) (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh 
Ha N, 2010) were used to develop a public health intervention program. A multi-
disciplinary approach and social civil mobilization was developed and implemented in 
2010 by VPHA and Da Nang Public Health Association. The intervention program 
incorporated the following three components: (1) training and increasing KAP for 
members of Da Nang Public Health Association, representatives of related stakeholders, 
and collaborators on preventing dioxin exposure through food; (2) implementation of IEC 
activities to improve KAP on risk reduction of dioxin exposure for local residents living in 
the four wards, especially for food handlers in households; and (3) policy advocacy to 
reduce the risk of dioxin exposure through foods for local residents (Vu-Anh et al., 2011).  
Component 1:  Organized training courses for stakeholders, Da Nang Public Health 
Association’s staff and collaborators. Training documents were developed, designed, pre-
tested, and produced by VPHA during 2010. The set of training documents included: (1) 
Trainers’ Guide – Prevention of Dioxin Exposure Through Contaminated Foods; (2)  The 
Handbook for Collaborators on Prevention of Dioxin Exposure Through Contaminated 
Foods (Figure 4.1). Two training workshops of trainers (TOT) and collaborators were 
conducted in 2010. Twenty participants attended the training and five outstanding 
participants were selected to be trainers in the following training workshops. For the 
collaborator training, 30 enthusiastic and highly committed collaborators, who were 
working in the four ward health centers, Women Union and other mass social 
organizations were selected and trained in 2010. This training included the nature of 
dioxin, its health effects, potential high risk foods, routes of dioxin exposure measures to 
prevent dioxin exposure through contaminated foods, direct and in-direct communication 
skills at the community, and problem solving skills when implementing the communication 
activities at the community level (Vu-Anh et al., 2011).  
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Figure 4.1. Program’s IEC materials in Vietnamese produced by VPHA, 2010 (A0 
Poster, Trainers’ guide; Pamphlet, Policy brief, Handbook for collaborators; Picture) 
(Tuyet-Hanh  et al., 2013)  
 
Component 2: Information – Education – Risk communication in the community. A set of 
dioxin risk communication documents was developed, designed, tested and produced. 
These were based on the results of both the KAP pre-intervention survey and existing 
documents developed during the intervention program implemented in the Bien Hoa 
Dioxin hot spot (2007-2009) (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, 
Thanh Ha N, et al., 2010; Vu Anh et al., 2008) to ensure that the content and format were 
suitable for the target audiences. Direct communication activities were conducted in 2010 
by staff of ward health centers, members of the Women’s Union and collaborators to 
provide information and consult food handlers who were responsible for purchasing and 
preparing food for their families (Vu-Anh et al., 2011). Indirect risk communication 
activities were frequently conducted on local radio and loudspeakers within six months. 
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Technical staff from VPHA collaborated with the Vietnamese national television channel 
(VTV2) to produce a documentary film on the intervention program. Journalists and 
reporters from television stations were also invited to join intervention activities in order to 
get information. This resulted in media promotion of the intervention program via 
newspaper articles and news reports (Vu-Anh et al., 2011).  
Component 3: Policy advocacy. Advocacy activities were conducted in order to call for 
promulgation of regulations on the prohibition of culturing, harvesting and consuming high 
risk foods in the intervention areas. A policy brief with recommendations on urgent issues 
related to dioxin exposure prevention for the local residents in Da Nang in general and for 
those living in the four program wards in particular was developed, printed and used 
(Figure 1). Advocacy activities also included encouraging local authorities to develop and 
implement regulations against the actions of catching and selling fish and other aquaculture 
products taken from dioxin polluted lakes and ponds near Da Nang Airbase. Besides 
producing the policy brief, articles and reports on local and national newspapers and radio 
were also collected to support the policy advocacy campaign (Vu-Anh et al., 2011). 
4.2.2. Assessing the results of the intervention 
To assess the results of this intervention program, pre-intervention and post-intervention 
KAP surveys were implemented using specifically designed questionnaires of 
approximately 10 pages in length. The surveys were designed to assess changes in the 
knowledge, attitude and practices of preventing dioxin exposure through consuming 
contaminated foods among food handlers in 400 households in four wards located near by 
Da Nang Airbase. Sampling frames of the two surveys were the lists of all households 
living in the four wards in 2009 and 2011 (approximately 16,000 households). Sampling 
units were households, which were systematically randomly selected from the lists. Food 
handlers, aged 18-65 years from randomly selected households,  were invited to participate 
in the surveys.  
Sample sizes for both surveys in the Bien Hoa and Da Nang dioxin hot spots were 
calculated based on the hypothesized change in health behavior before and after the 
interventions. Since there was no observed reference number from previous studies, the 
estimated change in food safety selection expected was 50% in total. The sample sizes 
were estimated, using equation 1: 
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Equation 1. Formula used for sample size estimation 
 
 
Note:  
n = sample size; alpha = level of significant; Beta = power of the study; p0 was the 
anticipated population proportion had safe food selection before intervention; pA was the 
anticipated population proportion had safe food selection after intervention. 
We assumed alpha = 0.05; Beta = 0.9, and that the current and expected population who 
had safe food selection before and after the intervention was greater than 40%. From 
equation 1 and using software Power and Sample Size Calculation, it was estimated that 
500 or 218 subjects were needed for 50% or 55% improvement in behavior. A sample size 
of 400 subjects for each survey was selected to ensure 50% improvement. This was also 
the sample size chosen for pre and post intervention KAP surveys in Bien Hoa dioxin hot 
spot (2007-2009). Data were managed and analyzed using SPSS 17.0 software. 
4.3. Results  
4.3.1. Pre-intervention KAP survey 
The pre-intervention survey results showed that the knowledge of local residents 
surrounding Da Nang dioxin hot spot on the present of dioxin in the environment was very 
limited. Of these residents: 76% of respondents were aware that dioxin could be present in 
untreated water; 54.9% reported dioxin could be present in soil; 15.9% and 15.3% of 
respondents knew that dioxin could be present in foods and air, respectively, and 27.6% of 
people answered they did not know anything. Respondents’ knowledge of dioxin, 
potentially high risk foods and measures to prevent dioxin exposure through reducing the 
consumption of contaminated foods was also extremely limited. For example: 22.5% 
people were aware that fresh water fish and other aquatic products were potentially high 
risk foods if cultured in dioxin contaminated ponds/lakes; 6.1% knew animal fat was 
potentially a high risk food if animals were raised in contaminated land; 0.5% knew animal 
viscera could be a high risk food and no respondants were aware that eggs and animal milk 
were high risk foods if obtained from animals within polluted areas.  
While 39.8% of respondents answered that they have already been practicing measures to 
prevent dioxin exposure through foods, the proportion of those who have been practicing 
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appropriate preventive measures was quite low. For example: 52.8% avoided foods of 
unclear origin; 15.7% limited their consumption of local fresh water fish and other aquatic 
products; 11.9% filtered water before use; 3.1% avoided consuming locally cultivated 
carrot and pumpkin; 1.3% limited consumption of locally cultured animal fat and viscera 
and 2.3% households still consumed their self-cultivated foods. Potentially high risk foods 
were consummed frequently on a weekly basis, such as chicken/duck eggs (77.0%), 
beef/buffalo meat (65.0%), fat and lean meat (61.7%) and fresh water fish (51.6%) (Vu 
Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, Thanh Ha N, et al., 2010). More 
details about the results of pre-intervention survey will be presented in Section 3.3, in 
comparison with the results of the post-intervention survey (Vu Anh L, Tuyet Hanh TT, 
Ngoc Bich N, Duc Minh N, Thanh Ha N, et al., 2010).  
The survey results also revealed that, conducting direct communication at community 
meetings, meetings of the Women’s Union and other mass social organizations, 
distribution of pamphlets, and posters at households were the preferred IEC 
communication channels (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, Thanh 
Ha N, et al., 2010). This pre-intervention survey results were shared at a Public 
Consultation Workshop in Da Nang and this provided an opportunity to mobilize active 
involvement of related stakeholders in developing a detailed intervention program and 
implementing activities from the program.  
4.3.2. The risk communication activities 
In total, 16,162 households were directly communicated and consulted in their home by 
collaborators and 5000 households were visited for a second time with an equivalent 
number of leaflets and pictures distributed. There were: nineteen reports on local radio and 
loudspeakers broadcast; 45 community meetings organized to communicate the risk of 
dioxin exposure and measures to prevent the risk to local residents and 50 A0-size posters 
placed at community meeting halls, communal health stations and at various local markets. 
The rate of people who have already heard/watched/read about the harmful effects 
of dioxin on human health was similar to that in the pre- intervention survey (86% in 2009, 
compared to 86.5% in 2011). There was a statistically significant difference in this 
proportion among the four wards: 93% of people in An Khe ward, 90.9% in Chinh Gian 
ward, 84% in Hoa Khe ward and 75.8% in Thanh Khe Tay ward with χ2 = 17.8, p = 0.007.  
The information that people in the four wards were most likely to have heard 
concerned the health effects of dioxin (46.9%) and measures to prevent 
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dioxin contamination in food (30%). This was important information that people needed to 
understand during the intervention. About 70% of households in the four intervention 
wards reported that they have been provided with pictures, to be posted on their kitchen’s 
walls, on measures to prevent dioxin exposure through consuming contaminated foods. 
The majority of respondents said that the counseling sessions were informative and easy to 
understand (83.8%, Table 4.1). An Khe was the ward with 
the best communication quality (89.1%) and followed by Thanh Khe Tay with 81% 
participants rated the content was good / easy to understand. Hoa Khe also had 
76.7% and Chinh Gian had 76.2% of respondents who rated the content and quality of 
communication as good / easy to understand. 
Table 4.1. Risk communication activities, Da Nang post intervention survey 
Some results of risk communication activities	   Da Nang, Sept. 2011	  
Number of households received direct communication at homes	   16,162 households	  
Number of leaflets and pictures distributed	   16,162 leaflets	  
Number of reportages broadcasted on local radio, loudspeakers 	   19 reportages	  
Number of community meetings were organized	   45 meetings	  
% participants already heard/watched/read about dioxin, health 
effects and preventive measures	  
86.5%	  
% participants reported that the counseling sessions by 
propagandists were informative and easy to understand	  
83.8%	  
 
4.3.3. Results of post-intervention KAP survey conducted in August 2011 
The knowledge of respondents living in four wards surrounding the Da Nang dioxin hot 
spot on dioxin and dioxin exposure prevention were significantly improved after the 
intervention. Generally, more people were aware of where dioxin could be present in the 
environment (Figure 4.2). The proportion of respondents aware of dioxin attached to 
suspended particles in water bodies in post-intervention survey was not statistical 
significantly higher than that of the pre-intervention survey (from 76% to 80.3%, 
χ2 = 1.79, p = 0.18); followed by the knowledge of dioxin existence in soil (from 54.9% 
significantly increased to 69.4%, χ2 = 13.9, p <0.01). The knowledge on the existence of 
dioxin in food increased more than two-fold compared to the pre-intervention (16.1% 
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to 37.1%, χ2 = 35.2, p < 0.001), while knowledge of dioxin attached to particles in air was 
increased but was not significantly different to that observed in the pre-intervention (15.3% 
to 16.8%, p =0.6). The proportion of subjects who did not know where dioxin exists in the 
environment significantly decreased compared to that in the pre-intervention survey 
(27.7% to 12.7%, p < 0.001).  
 
Figure 4.2. Knowledge of dioxin existence in the environment, Da Nang before and after 
the intervention, 2009 - 2011 
There was an 11.8% increase to 90.7% in the respondents who believed that dioxin could 
enter into the human body through food (p < 0.001, Figure 3). There was a significant 
increase (p < 0.01, Figure 4.3), from 22.3% and 11.8% to 41.2% and 18.2% respectively in 
the respondents who knew cancer and chloracne were associated with dioxin exposure 
from the pre-intervention survey. There was a significant increase to 69.2% from 44.7% (p 
< 0.001, Figure 4.3) in the proportion of people who thought that the local environment 
was contaminated with dioxin after the intervention. The proportions of people who 
thought that people can be exposed to dioxin due to eating freshwater fish and aquatic 
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products (55.3%), eating animal fat meat (24%) and eating eggs, milk as well as egg and 
milk products (5.9%), were statistical significantly higher than those of the pre-
intervention survey, which were 26.1% (p < 0.001), 10.1% (p < 0.001) and 0.3% (p < 
0.001), respectively. 
 
Figure 4.3. Some appropriate knowledge of local residents on dioxin, Da Nang pre 
and post-intervention surveys (2009, 2011) 
Furthermore, the proportion of people with improved knowledge concerning high 
risk foods as well as measures to reduce dioxin exposure from food such as fat meat, 
freshwater fishes, shrimps, crabs, snails, viscera were significantly increased after the 
intervention.  The proportions of people who ate less locally produced freshwater fishes 
and mollusks caught in the dioxin contaminated areas in the post intervention survey 
(20.8%) increased by eight times as compared to before the intervention (2.6%, p <0.001). 
In contrast the proportions of people having knowledge of other risk factors remained 
relatively low after the intervention. These included: feeding less breast 
milk in a few weeks after birth (0.3%), removing animal fat (5.6 %) and eating less egg 
and dairy products obtained from animals reared in the contaminated areas (16.8%). 
There were no significant difference (p > 0.05) in Attitude toward preventing dioxin 
exposure through consuming contaminated foods and the response was generally positive 
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in both pre and post intervention surveys (Table 4.2). In the post intervention survey, 
86.6% of respondents were confident that they could reduce the risk of dioxin exposure 
in the contaminated areas, significantly higher than before the intervention (77.3%; p < 
0.001). The attitude toward the ability to reduce dioxin exposure could be affected by the 
awareness and educational level of local residents. Only 50% of residents with the lowest 
educational levels, that is illiterate or primary education (up to the first grade), believed in 
the ability to reduce the risk of dioxin exposure. In contrast, residents who were more 
highly educated, second grade and above had a more positive attitude toward believing in 
the ability to reduce the risk of dioxin exposure (over 85%, p < 0.01).  
Table 4.2. Positive attitude toward dioxin exposure risk prevention, Da Nang pre-post 
intervention 
Attitude Da Nang pre-
intervention 
2009 
Da Nang post 
intervention 
2011 
χ2, P 
Confident in the possibility to reduce 
the risk of dioxin exposure in the 
contaminated areas 
77.3% 86.6 % χ2 = 15.3; 
p<0.001 
Willing to follow advices to reduce their 
risks of dioxin exposure 
97% 98% χ2 = 4.5; 
p = 0.2 
Willing to quit some favorite foods if 
aware the foods were at high risk of 
being contaminated with dioxin 
96.9%  95.8% χ2 = 4.6; 
p = 0.2 
Willing to buy uncontaminated foods 
with higher prices 
92.1% 95.1%, χ2 = 5.3; 
p = 0.07 
 
Most of the interviewed residents (98%) agreed that they were willing to follow advice to 
reduce their risks of dioxin exposure. This was not significantly higher than that of the pre-
intervention survey (97%). Before the intervention, 96.9% of respondents were willing to 
quit some of their favorite foods if they knew that these foods were at high risk of being 
contaminated with dioxin and was equivalent to the pre-intervention result (95.8%). There 
was a statistically significant difference between males (95.1%) and females (98.4%) who 
were willing to give up their favourite foods (χ2 = 8.23; p <0.05). The proportion of 
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respondents, 95.1%, who were willing to buy uncontaminated foods with higher prices, 
was not statistical significantly higher compared to that in the pre-intervention survey 
(92.1%) (χ2 = 5.3; p = 0.07). The average additional amount of money that people were 
willing to pay to buy fresh foods was in the range of 5,000 to 10,000 VND/household/day 
(approximately 0.25 to 0.5 USD/household/day). 
Practices to prevent dioxin exposure through consuming contaminated foods were also 
improved after the intervention and generally better than the results of the post-intervention 
survey in Bien Hoa (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha 
N, 2010). Specifically, 99.5% of households used tap-water for drinking and domestic 
consumption purposes, statistical significantly increased compared to that in the pre-
intervention (88.7%, p <0.001, Figure 4.4). Four households (1%) were still consuming 
locally self-cultivated foods: two in Hoa Khe and two in Thanh Khe Tay wards. Following 
the intervention, 99% of the households did not use, consume or sell locally self-cultivated 
foods and 67.2% of respondents did pay attention to food sources.  
 
Figure 4.4. Some practices to prevent dioxin exposure undertook by local residents living 
in Da Nang Dioxin hot spot, pre-post intervention surveys (2009, 2011). 
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The factors to which local people paid most attention to when they purchased foods were: 
"cleanness, freshness, safety" (88.9%); "deliciousness" (4.9%); "cheap" (2%); "nutritional 
value" (0.5%) and "other factors" (3.5%). There was a significant correlation between the 
practice of paying attention to food sources when buying and both the awareness of dioxin 
contamination in living areas and the awareness of dioxin exposure risks via consuming 
contaminated food. The proportion of having appropriate awareness of dioxin 
contamination in the locality and dioxin exposure routes through contaminated foods in the 
group already undertaking exposure preventive measures (79.4% and 72%) were 
significantly higher than that observed in the group without any exposure preventive 
measures (38.1% and 64.7%). There was a significant increase to 60.4% of households that 
already undertook exposure preventive measures, compared to that of the pre-intervention 
survey (39.6%) (Figure 4.4).  
The results also showed that locally produced foods at high dioxin contamination risks 
such as freshwater fishes, chicken eggs, duck eggs, pumpkin had quite low proportions of 
daily consumption (<= 2.5%) and were significantly lower than those of the pre-
intervention survey. Foods with high consumption frequencies on a weekly basis included 
mustard greens (79.4%), katuk (77.2%), cattle meat (70.1%), water spinach (60.8%) 
and lean pork (62%). The weekly consumption frequencies of some high risk 
foods decreased significantly compared to those in the pre-intervention survey. From 2009 
to 2011, the following reduction in consumption was observed: pumpkin on a weekly basis 
from 63.7% to 34.5%; freshwater fish from 51.4% to 17.4%; wild goose, duck meat from 
15.3% to 5.6% and viscera from 6.3% to 2.9%. The knowledge of respondents on the risk 
of exposure via foods was significantly related to practices of exposure prevention. The 
proportion of people with the correct knowledge who implemented measures to prevent 
dioxin exposure (63.3%) was higher than in the group with inappropriate 
knowledge (33.3%) and the group who responded "have no idea" (13.6%) (Figure 4.5). 
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
	  
56 
 
Figure 4.5. The relationship between knowledge on the risks of dioxin exposure through 
consuming contaminated foods and practices of preventing dioxin exposure, Da Nang 
2011 
4.4. Discussion  
Although village meetings, loudspeakers, health personnel, direct communication through 
household counseling visits, pamphlets and pictures were not the preferred communication 
methods, they were deliberately selected in the program due to the political and 
socially sensitive nature of the dioxin contamination issue in Vietnam. These direct 
communication methods targeted only at risk localities, that is the local residents living 
surrounding the Da Nang Airbase, without terrifying people living in Da Nang City or 
causing adverse impacts to the local social, economic and political situations. The post 
intervention survey showed approximately 70% of households in the four intervened wards 
in Da Nang have been provided with pictures on measures to prevent dioxin exposure 
through consuming contaminated foods and was higher than Bien Hoa after the 
intervention (66%). Among households who have been provided with pictures, 94.3% had 
already posted the picture on kitchen wall. This was considered an important output of the 
program and conveniently helped people to remember and refer to the information for a 
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long time. By July 2011, 72.8% of households still retained the pictures on measures to 
prevent dioxin exposure through limiting consumption of contaminated food at homes.   
The results showed that, similar to the situation assessed in Bien Hoa (Vu Anh et al., 
2008), before implementing the intervention program, the  knowledge of local residents 
surrounding Da Nang on dioxin and measures to prevent dioxin exposure through 
consuming contaminated foods was extremely limited. This was particularly true of their 
knowledge on the presence of dioxin in locally cultivated foods and dioxin exposure 
pathways. The knowledge of people in the four wards around Da Nang airport in the post 
intervention survey was significantly improved and higher than those of the pre and post 
intervention surveys in Bien Hoa (2007-2009). Specifically, the proportion of people with 
accurate knowledge of the presence of dioxin in water, soil, food and air in the 
four wards near Da Nang airport post intervention were 80.3%, 69.4%, 37.1% and 16.8%, 
which were higher compared with the pre-intervention results of 76%, 54.9%, 16.1% and 
15.3%, respectively. These were also higher than the results of the post-intervention 
survey in Bien Hoa in 2009 of 61.7%, 49.5%, 34% and 14.7%, respectively. The rate of 
respondents who answered "do not know" in the post-intervention survey in 
Da Nang (12.7%) was lower than the results in Bien Hoa (16.9%). According to 
International Agency for Research on Cancer (1997), once released into the environment, 
dioxin can present in soil, water, air and foods. Studies recently conducted in Vietnam 
also found that almost 40 years after the war, the concentrations of dioxin in the 
environment, especially in soils, sediments and in some types of local foods such as 
ducks, fresh water fish, toad, free range chicken etc. in hot spots were still very high 
(Hatfield Consultants, 2006; Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009, 2011; Hatfield Consultants Ltd and Viet Nam – Russia 
Tropical Centre, 2009; Schecter et al., 2002; Schecter et al., 2003).  
Comparison of the pre and post intervention surveys’ results, showed that most of 
respondents (98%) in the four intervention wards in Da Nang reported that they were ready 
to follow the recommendations to reduce the risk of dioxin exposure. This was higher than 
the results of the post intervention survey at Trung Dung and Tan Phong wards in Bien 
Hoa in 2009 (96%) (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha 
N, 2010). The results of the post intervention survey also showed that the knowledge and 
practices of local residents at the four intervention wards on preventing the risk of dioxin 
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exposure were significantly correlated. Thus, the intervention measures for improving the 
knowledge of dioxin existence in the environment among the people in the four wards of 
Da Nang City as compared with the pre-intervention was important in 
promoting preventive behaviors. The positive changes in the behavior of the local residents 
surrounding Da Nang played a significant role in reducing their risks of dioxin exposure in 
the environment, especially from foods. This survey was undertaken less than one year 
post-intervention, while the process derived from receiving improved knowledge to change 
in attitude to practice appropriate behavior usually takes a longer time (Oldenburg, 
Ffrench, & Glanz, 1999). Therefore, it is expected that the practices of local residents in 
reducing their risks of being exposed to dioxin in foods will be even further improved in 
the coming years. This assumption will be verified in a study to be undertaken during 
2013-2014 to assess the sustainability of the program after three and five years post 
cessation in Da Nang and Bien Hoa dioxin hot spots.  
Regarding the change in weekly food consumption frequency, nutritionists may express 
their concerns regarding the significant reduction in the proportion of households having 
freshwater fishes at least once from 51.4% in 2009 to 17.4% in 2011 (χ2 = 103.5, p < 
0.001) as it is recognized that inclusion of fish in the diet is important. However, it should 
be noted that the survey showed that the proportion of people having seafood weekly 
increased statistical significantly from 38.3% in 2009 to  51.2% in 2011 (χ2 = 13.5, p < 
0.001). As Da Nang is located by the sea, the increased awareness of the risk of exposure 
to dioxin in local fresh water fish may have prompted a change to seafood instead, 
resulting in positive impacts on diet. 
On 9th August 2012, the U.S. Agency for International Development and the Vietnamese 
Ministry of National Defense jointly launched an estimated USD 43 million project to 
clean up the polluted soil in Da Nang Airbase, to help to solve the problem inside the 
airbase and prevent further expansion of the toxic chemical to the surrounding areas. 
However, in the four decades since the War ended, dioxin pollution has extended outside 
the Bien Hoa and Da Nang airbases (Hatfield Consultants, 2006; Minh et al., 2008; N. H. 
Minh et al., 2007). Thus, the Public Health intervention program was perceived as a 
complementary and effective intervention model to aid in the reduction of exposure risk to 
dioxin in the environment, especially in foods. As a consequence, it should be expanded to 
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the remaining dioxin hot spots in Vietnam to prevent further exposure of local people to 
dioxin. 
4.5. Conclusion and recommendations 
Due to the sensitivity of dioxin contamination and the fact that only certain localities 
remain polluted, direct communication channels toward people at risk, although not the 
preferred communication channels, should still be applied. The public health intervention 
program implemented in Da Nang dioxin hot spot has showed initial success in improving 
knowledge, attitudes and practices among local people in the introduction of measures to 
reduce the risk of dioxin exposure through the consumption of contaminated foods. 
Proportionally high numbers of local residents were aware of health risks associated with 
dioxin exposure and understood and applied recommended methods to prevent dioxin 
exposure through food. The consumption frequencies of some high-risk foods decreased 
significantly compared with those of the pre-intervention survey. Most of the 
surveyed households commented that the counseling information provided by collaborators 
in this program was easy to understand and contained good content. In addition to direct 
and indirect communication activities, the regulations against culturing, harvesting, 
consuming and selling high risk foods in the dioxin polluted areas in Da Nang City must be 
strictly implemented as soon as possible because the actions of catching fish, prawns and 
crabs were still observed in some dioxin contaminated lakes surrounding Da Nang Airbase. 
This will prevent fishermen from other districts in the City coming to these lakes to fish. 
While greater effort is required for dioxin remediation activities at the remaining 28 
identified potential dioxin hot spots in Vietnam, this Public Health intervention program 
should be expanded to other dioxin hot spots to limit further exposure of people to dioxin. 
This is of particular importance as in the past four decades; the dioxin pollution has been 
expanding to areas surrounding the airbases while remediation efforts only focus on areas 
inside the airbases. An assessment on the sustainability of this intervention program will be 
undertaken in 2013 to provide evidence for sustainable expansion of the model to other 
dioxin hot spots in the country.  
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5.0 Abstract 
Background: Bien Hoa and Da Nang airbases were bulk storages for Agent Orange during 
the Vietnam War and currently are the two most severe dioxin hot spots.  
Objectives: This study assesses the health risk of exposure to dioxin through foods for 
local residents living in seven wards surrounding these airbases.  
Methods: This study follows the Australian Environmental Health Risk Assessment 
Framework to assess the health risk of exposure to dioxin in foods. Forty-six pooled 
samples of commonly consumed local foods were collected and analysed for dioxin/furans. 
A food frequency and Knowledge - Attitude - Practice survey was also undertaken at 1000 
local households, various stakeholders were involved and related publications were 
reviewed.  
Results: Total dioxin/furan concentrations in samples of local “high-risk” foods (e.g. free 
range chicken meat and eggs, ducks, freshwater fish, snail and beef) ranged from 3.8 pg/g 
TEQ to 95 pg/g TEQ, while in “low-risk” foods (e.g. caged chicken meat and eggs, 
seafoods, pork, leafy vegetables, fruits, and rice) concentrations ranged from 0.03 pg/g 
TEQ to 6.1 pg/g TEQ. Estimated daily intake of dioxin if people did not consume local 
high risk foods ranged from 3.2 pg TEQ/kg bw/day to 6.2 pg TEQ/kg bw/day (Bien Hoa) 
and from 1.2 pg TEQ/kg bw/day to 4.3 pg TEQ/kg bw/day (Da Nang). Consumption of 
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local high risk foods resulted in extremely high dioxin daily intakes (60.4 to 102.8 pg 
TEQ/kg bw/day in Bien Hoa; 27.0 to 148.0 pg TEQ/kg bw/day in Da Nang).  
Conclusions: Consumption of local “high-risk” foods increases dioxin daily intakes far 
above the WHO recommended TDI (1-4 pg TEQ/kg bw/day). Practicing appropriate 
preventive measures is necessary to significantly reduce exposure and health risk. 
Key words: Environmental health risk assessment, dioxin exposure through foods, Bien 
Hoa dioxin hot spot, Da Nang dioxin hot spot, Vietnam. 
5.1. Introduction (Issue Identification) 
The term dioxin and dioxin-like compounds include 75 individual compounds of PCDD 
(polychlorodibenzo-p-dioxins), 135 PCDF compounds (polychlorodibenzo-furans), and 
209 PCB individual compounds (polychlorobiphenyls) (Agency for Toxic Substances and 
Disease Registry, 1998). The most toxic compound of the dioxin family is 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and is classified into Group I carcinogens 
(International Agency for Research on Cancer, 1997). In addition to cancer, exposure to 
dioxin has been linked to reproductive, developmental, and other adverse health impacts 
(Institute of Medicine, 2014). 
Bien Hoa and Da Nang cities are located in the South and Central regions of Vietnam, with 
total areas of 264.08 km2 and 1283 km2, and populations of approximately 800,000 and 
970,693 people, respectively. Trung Dung, Tan Phong and Buu Long wards in Bien Hoa 
City and An Khe, Hoa Khe, Chinh Gian and Thanh Khe Tay wards in Da Nang City are 
seven wards surrounding the Bien Hoa and Da Nang airbases (Figure 1). These areas have 
received much attention from national and international scientists due to high dioxin 
contamination caused by Agent Orange and other herbicide spraying during Operation 
Ranch Hand (Dwernychuk et al., 2002; Hatfield Consultants and Office of the National 
Steering Committee 33 MONRE, 2009; Mai et al., 2007; Schecter et al., 2003; Stellman et 
al., 2003).   
According to data provided by the US Defense Supply Agency and Air Force Logistics 
Command, during the period 1961–1972, 74,175,920 liters of herbicides, of which Agent 
Orange accounted for 43,332,640 liters, were sprayed in Vietnam (Young, 2009). Most 
herbicides were stored in tanks in former US airbases, including those at Bien Hoa and Da 
Nang. Prior to loading onto aircraft for spraying, they were firstly pumped into large 
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28,000 liter tanks. Two major spills of Agent Orange and Agent White from 28,000 liter 
tanks had occurred in December 1969 and 1st March 1970 in Bien Hoa Airbase and spill 
incidents also occurred at Da Nang Airbase (Young, 2009). As a consequence of the Agent 
Orange spills, the soil within and around the airbases were polluted severely with dioxin. 
In addition to dioxin released during the War, environmental contamination in Bien Hoa 
and Da Nang cities may have occurred through burning of wastes at low temperature, 
spraying of pesticides and herbicides in agriculture, and from industrial sources. However, 
a recent study confirmed that Agent Orange was considered the primary source of dioxin in 
Bien Hoa (Minh et al., 2008). In recent years, samples of soil, sediment, some food 
samples, breast milk and blood samples of local residents at Bien Hoa and Da Nang cities 
have been reported to have elevated levels of dioxin (Hatfield Consultants, 2006; Hatfield 
Consultants Ltd and Viet Nam – Russia Tropical Centre, 2009; Minh et al., 2011; Minh et 
al., 2008; Schecter et al., 2001; Schecter et al., 2003; Sorenson KS et al., 2010).  
It is estimated that approximately 240,000 tons  and 70,000 tons of contaminated soil in 
Bien Hoa and Da Nang airbases, respectively need to be remediated. The current Da Nang 
Airport Remediation Project costing $84 million USD, aims to clean up the dioxin 
contaminated soil and sediment inside the airbase so that the dioxin concentrations fall 
below the agreed upon level of 150 pg TEQ/g (TEQ means toxic equivalent) (USAID 
Vietnam, 2014). This project will only assist in the reduction of the levels of dioxin inside 
the airbase, not the surrounding residential areas. An assessment in 2007 using limited 
secondary environmental and biological sample data showed that local people, especially 
those living at Trung Dung and Tan Phong wards (Bien Hoa City), face health risks due to 
exposure to dioxin in the environment, particularly through consumption of local 
contaminated foods (T. T. Tuyet Hanh et al., 2010).  
In recent years, the Vietnam Public Health Association and its provincial branches 
implemented public health intervention programs in Bien Hoa (2007-2009) and Da Nang 
(2009-2011) aimed at reducing the dioxin exposure risks for local residents (Tuyet-Hanh  
et al., 2013). The current study undertakes an environmental health risk assessment to 
provide scientific evidence of the current human health risk related to dioxin exposure 
through foods for local residents living in the seven wards surrounding Bien Hoa and Da 
Nang Airbases. It also provides recommendations for further risk reduction activities at the 
two hot spots. 
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5.2. Materials and methods 
This study followed the Australian Environmental Health Risk Assessment Framework to 
assess the risk of dioxin exposure through foods. This included the stages of Issue 
identification, Hazard assessment (i.e. hazard identification and dose-response assessment), 
Exposure assessment, Risk characterisation, Stakeholder engagement and risk 
communication (Australian enHealth Council, 2012). For exposure assessment, data was 
collected in the following ways: (1) we undertook a comprehensive sampling strategy of 
commonly consumed local foods; (2) we undertook a food frequency and KAP survey of 
local residents; and (3) food intake estimates were derived using the 2010 Vietnam 
National Nutrition Survey. 
For the sampling of commonly consumed foods, 46 pooled samples were collected from 
households, local markets and surrounding the airbases in January 2013 for dioxin 
concentration analyses (Figure 5.1). Pooled samples were formed by combining 5-15 
individual samples, in which each individual sample was collected from one household or 
a local pond or a retailer at a local market, and weighed at least 200g. The use of pool 
samples helped to reduce the laboratory analysis cost. Commonly consumed foods were 
categorized as belonging to two groups: (1) potentially ‘high-risk’ foods collected at 
households and ponds surrounding the two airbases (listed in Table 5.2) including: free 
range chicken meat and eggs, free range duck meat and eggs, fresh water fish and snails, 
beef, and pumpkin; (2) potentially ‘low-risk’ foods, including foods bought at local 
markets such as: caged chicken meat and eggs, caged duck meat and eggs, fish and prawns 
from the sea, pork, leafy vegetables, fruit, vegetables and rice). This categorization was 
based on the results of previous studies on the levels of dioxin in some types of foods 
(Duranta, Thomas G. Boivinb, Hana R. Pohlc, & Thomas H. Sinks, 2014; Muller et al., 
1994; Schecter et al., 2003; Thu et al., 2014). All food samples were pre-cleaned with 
clean tap water to remove visible soil and other dirt. Non-edible parts from the vegetable 
samples were removed and samples were then packed in separated polypropylene bags 
with detailed labels. 
After collection, samples were transported on dry ice to the Dioxin Laboratory in Hanoi, 
where they were stored in the freezers at – 20oC prior to analysis for dioxin/furans. The 
quantification of the seventeen 2,3,7,8-substituted PCDD/Fs congeners were performed by 
the Micromass Autospec Ultima system (Waters Co. Ltd.) coupled with 7890A gas 
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chromatograph (Agilent Co. Ltd.) using the DB-5MS capillary column (60 m × 0.25 mm 
I.D, 0.25 µm film thickness, J&W Scientific Inc., Folsom, CA). A detailed description of 
the procedures used to undertake the analysis have been reported elsewhere (Hue NTM et 
al., 2014). The limit of detection of this method (MDL) was 0.1 pg/g lipid for PCDD/F-
TEQ. The analytical quality assurance has been applied in all the analytical processes 
following the ISO/IEC 17025 standard. Further, the quality of the analytical method has 
been confirmed via the successful results of the interlaboratory assessment programs 
organized by United Nations Environment Program for analysis of dioxins/furans in fish 
samples (UNEP, 2012, 2014). Apart from PCDD and PCDF, non-ortho PCB and mono-
ortho PCB also can present in food samples collected in Bien Hoa and Da Nang dioxin hot 
spots and can contribute to the total TEQ of samples. However, a previous study showed 
that PCB levels in food samples (fresh water fish, duck, and beef) collected surrounding 
Bien Hoa hot spot were low and accounted for a small proportion of the total TEQ 
(Schecter et al., 2003). Thus in this study, we focused on PCDD and PCDF only and the 
results were reported as total TEQ - according to the World Health Organization’s Toxic 
Equivalency Factors (TEFs) for Dioxins (M Van den Berg, 2006). 
 
 
 
Figure 5.1. Bien Hoa and Da Nang dioxin hot spots, and the dots in red were the areas 
where food samples were collected in 2013 for dioxin analysis 
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To gain an understanding of food consumption practices of residents, a food frequency and 
Knowledge – Attitude – Practice (KAP) survey was undertaken at 1000 households in the 
seven wards surrounding the two airbases in 2013. This survey used a KAP questionnaire 
of approximately 10 pages in length and was focused on knowledge of dioxin and 
measures to reduce the risk of dioxin exposure. In addition, data from the 2010 Vietnam 
National Nutrition Survey (Vietnam National Institute of Nutrition & Unicef, 2010) for the 
Vietnam South Central Coast Region and the Vietnam South-eastern Region were used to 
estimate the daily intakes of various foods for local residents living in the four wards in 
Danang City and in Bien Hoa City, respectively. Estimates on the levels of dioxin exposure 
through foods for local residents were determined under two different scenarios, which 
line-up with the ‘low – risk’ and ‘high – risk’ food categorizations described earlier: (1) the 
‘low exposure case’, which assumed that foods consumed by the residents were the low-
risk foods from markets and originated from locations distant from the local area; and (2) 
the ‘worst case’, which included high-risk foods that were locally grown or raised. Finally, 
stakeholders at different levels were involved and publications on dioxin characteristics, its 
toxicity, and data from other studies that tested levels in the environment and collected 
biological samples at the studied areas were reviewed and used as evidence for this risk 
assessment. The research protocol was approved by the Ethics Committees at the Hanoi 
School of Public Health and the Queensland University of Technology. 
5.3. Results  
5.3.1. Hazard Assessment  
Hazard Identification 
Only seven out of 75 PCDD compounds and 10 out of 135 PCDF compounds have dioxin-
like toxicity and in this study, the dioxin/furans concentrations were reported as the total 
concentrations of the seven PCDD and 10 PCDF compounds according to WHO-TEQ (van 
den Berg M et al., 2006). Compounds with four or more chlorines and those with chlorines 
attached at the 2, 3, 7, and 8 positions are the most toxic (Center for Health Environment 
and Justice, 1999). TCDD has the greatest affinity for the Ah receptor and is the most toxic 
anthropogenic chemical (Center for Health Environment and Justice, 1999). Dioxin 
compounds are highly hydrophobic and therefore adhere strongly to organic components 
of soil and water. In water, dioxins mainly associate with suspended substances, absorb to 
aquatic plants, accumulated in aquatic animals like fish with bioconcentration factor of 
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37,900 – 128,000 (Agency for Toxic Substances and Disease Registry, 1998). Very high 
dioxin levels in some food samples taken inside and surrounding Bien Hoa and Da Nang 
airbases have been reported (Hatfield Consultants Ltd and Viet Nam – Russia Tropical 
Centre, 2009; Minh et al., 2011; Schecter et al., 2003; Thu et al., 2014). These included 
concentrations of 66 pg/g TEQ and 286-343 pg/g TEQ for Channa Striatatriata, snake 
head fish caught at Bien Hung Lake and free range ducks, respectively (Schecter et al., 
2003). Due to the high organic carbon-water partition coefficient (KOC) and low 
solubility, the majority of the mass of dioxins/furans in aquatic systems will be present in 
sediments, with only a small fraction in the water column. Dioxin in soil particles or dust 
attach to grass, vegetables and crops.  
The absorption rate of dioxin depends on the routes of exposure, molecular size and 
solubility. In mice, the absorption rate through the small intestine and the lungs is 50% to 
90% (Center for Health Environment and Justice, 1999; International Agency for Research 
on Cancer, 1997). Human data indicated that >87% of the oral dose after ingestion was 
absorbed from the gastrointestinal tract (Poiger & Schlatter, 1986). Dermal absorption is 
limited and reportly less than 1% (International Agency for Research on Cancer, 1997). 
Once dioxin is absorbed in the blood, it is distributed to all organs and accumulates in fatty 
tissues and in the liver (M. Van den Berg et al., 1994). Dioxin is excreted from the body 
very slowly with the half-life in humans ranging from 5.8 to 14.1 years (J. E. Michalek et 
al., 1996; J. Michalek & Pavuk, 2008). 
Dioxin exposure has been reported to cause various adverse health outcomes, including 
damage to the liver, reproductive system, nervous system, immune system, hormonal 
system, cardio-vascular system, and the lungs (Center for Health Environment and Justice, 
1999). IARC concluded that TCDD causes cancer in humans and is classified as Group I 
carcinogen (International Agency for Research on Cancer, 1997; Steenland K, Bertazzi P, 
Baccarelli A, & Kogevinas M, 2004). The “Veterans and Agent Orange Update 2012 
Report” concluded that there was sufficient evidence of an association between exposure to 
dioxin in AO and other herbicides and the following health outcomes: soft-tissue sarcoma 
(including heart), non-Hodgkin’s lymphoma, chronic lymphocytic leukemia (including 
hairy cell leukemia and other chronic B-cell leukemias), Hodgkin lymphoma, and 
chloracne (Institute of Medicine, 2014). According to Vietnam Ministry of Health, there 
are 17 diseases associated with dioxin exposure (Vietnam Ministry of Health, 2008).  
Dose-Response Assessment 
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When undertaking human health risk assessment of mixtures of dioxin and dioxin-like 
compounds, TCDD has been selected repeatedly as the index chemical for dose-response 
assessment, particularly when applying the dioxin toxicity equivalence factors  approach 
(U.S. EPA, 2012; van den Berg M et al., 2006). Review by U.S. EPA of epidemiologic 
studies and animal bioassays for TCDD quantitative dose-response analyses identified 40 
candidate reference doses (RfDs). Of these, three were taken from the epidemiologic 
studies and 37 were from animal bioassays (U.S. EPA, 2012). The adjusted lowest 
observable adverse effect level (LOAEL) of 0.020 ng/kg/day was designated as the point 
of departure (POD) for the RfD. The RfD for TCDD in standard units was 7 × 10−10 
mg/kg/day (U.S. EPA, 2012). In the report, U.S EPA detail of all epidemiologic and 
animal bioassay studies selected for TCDD cancer and non-cancer dose-response 
modelings (U.S. EPA, 2012). Other studies have identified non-cancer dose-responses, 
including the no observable adverse effect level (NOAEL) for dental effects in adults 
exposed to TCDD in childhood was reported at 40.6 pg/kg bw-day (Alaluusua et al., 2004), 
the LOAEL for elevated thyroid stimulating hormone in neonates was 20 pg/kg bw/day 
(Baccarelli et al., 2008) and LOAEL of 20 pg/kg bw-day for decreased sperm count and 
motility in men exposed to TCDD in childhood (Mocarelli et al., 2008). Different 
organizations have established daily tolerable intakes for dioxin/furans, with the values 
ranged from 2-10 pg TEQ/kg bw/day (European Commission, 2002; Institute of Medicine, 
2003; World Health Organization, 1998). The US EPA defined a dose of 0.01 pg TEQ/ kg 
bw/day as posing a cancer risk of one additional cancer in one million people exposed 
(U.S. EPA, 2012). This applies for adults and does not include an added protection for 
children. However, currently no risk estimates related to carcinogenicity are provided on 
the US EPA IRIS database. WHO (1998) established a tolerable daily intake (TDI) of 1 to 
4 pg TEQ/kg bw/day (World Health Organization, 1998). Given the variety of reference 
values/TDIs available, our study used the WHO value when undertaking our risk 
characterization. A discussion on the merit of this value is available in van Leeuwen FX et 
al. 2000 (van Leeuwen FX et al., 2000). 
5.3.2. Exposure Assessment 
Living at the most severe dioxin hot spots, local residents in the seven wards surrounding 
Bien Hoa and Da Nang airbases were at risk of being exposed to dioxin through different 
routes, including oral, dermal and inhalation, with ingestion through food the major source. 
This includes free range chicken meat and eggs, duck and duck eggs, fresh fish, snails and 
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beef (Schecter et al., 2003; T. T. Tuyet Hanh et al., 2010). Although plant roots do not 
normally absorb dioxin (Muller et al., 1994), the consumption of vegetables and crops 
grown in and around Da Nang and Bien Hoa airbases can lead to high risk of exposure if 
there is inadequate washing of food as dioxin in soil particles can attach to vegetables and 
crops. Table 5.1 and Table 5.2 below summarize the results of total dioxin/furans 
concentrations in local food samples, together with daily food consumption quantities and 
estimated daily exposure levels for local residents. The concentrations listed in these tables 
are in units of pg/g lipid for fish, meat, egg, and of pg/g fresh weight for vegetable and rice 
samples. The estimated “safe” and “worse” case daily intakes for people living 
surrounding Bien Hoa and Da Nang airbases are also shown in Table 5.1 and Table 5.2, 
respectively. The estimated daily intakes were calculated using the following formula: 
Estimated daily intake from each type of food (pg/day) = dioxin concentration in 
food (TEQ pg/g) x daily food consumption level (g/day). 
Even though the results are shown for either the “low exposure” scenario or the “worst 
case” scenrio, it is considered that the real risks for local residents at the two dioxin hot 
spots were between these ranges, as people consumed both locally produced high risk 
foods and foods available in markets, which usually originated from other areas or 
raised/cultured locally in safe practices. In order to calculate the daily intake, we used the 
food consumption levels specific for the South Central Coast Region for Da Nang and 
South-eastern Region for Bien Hoa. According to the Vietnam National Nutrition Survey 
2010, total daily consumption of meat (pork, poultry and beef) for the South Central Coast 
Region was 56.7 g/person/day and the Vietnam South-eastern Region was 103.7 
g/person/day, but this survey did not allow us to include specific data for each type of meat 
(Vietnam National Institute of Nutrition & Unicef, 2010). However, data regarding per 
capita total daily pork, poultry and beef consumption in 2010 showed that pork accounted 
for 66%, poultry accounted for 23.2%, and beef accounted for 10.8% (IFPRI IMPACT 
model results 2009, unpublished data). From this, we calculated the daily consumption of 
pork, poultry, and beef (Table 5.1 and Table 5.2). In addition, from total dioxin daily 
intakes (TEQ) calculated for each type of food, we determined total dioxin daily intake per 
kg body weight using the average body weight for an adult (both genders) aged 20 and 
above of 49.9 kg in the South Central Coast Region for Da Nang and 52.8 kg in the South-
eastern Region for Bien Hoa (Vietnam National Institute of Nutrition & Unicef, 2010). 
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Table 5.1. Concentrations of total dioxin/furans in food samples collected 
surrounding Bien Hoa Airbase, and estimated level of exposure according to the safe 
and the worst case scenarios 
Types of food samples 2,3,7,8 
TCDD 
(pg/g) 
 
A 
TEQ 
(pg/g) 
 
B 
Daily 
food 
consum-
ption 
level 
g/day 
C 
Lowest 
dioxin 
intake 
TEQ  
pg/day 
D*=Bx
C 
Highest 
dioxin 
intake- 
TEQ 
pg/day 
E*=Bx
C 
Lowest 
daily 
intake 
pg/kg/ 
day 
F=D/52.
8 
Highest 
daily 
intake 
pg/kg/ 
day 
G=E/52.
8 
Free ranged chicken (3 
pooled samples) 
1.4-
81.8 
8.5 - 95 20.1 169.4 1904.8 3.2 36.1 
Duck meat, free ranged 
(2 pooled samples 
2.4 - 
16.6 
8.2-
19.6 
164.2 393.0 3.1 7.4 
Cage chicken at market 0.1 0.4 8.8  8.8 0.2 0.2 
Chicken eggs, free 
ranged (2 pooled 
samples) 
0.2-2.1 7.3-
29.7 
15.2 111.4 451.4 2.1 8.6 
Duck egg, free ranged  10.9 15.7 238.6 238.6 4.5 4.5 
Duck eggs at local 
market, from other 
areas 
0.2 0.6 9.7 9.7 0.2 0.2 
Fresh water fish 6.5 27.4 64.9 1778.3 1778.3 33.7 33.7 
Fish from sea at market 0.8 1.9 124.0 124.0 2.3 2.3 
Beef bought at Trung 
Dung market 
0.7 12.8 11.2 143.4 143.4 2.7 2.7 
Leafy vegetables: five 
pooled samples  
0.03- 
0.2 
0.03-
1.0 
168.4 5.1 165.5 0.1 3.1 
Fresh water snail 
caught at Gate 2 Lake 
1.4 53.6 15.3 820.1 820.1 15.5 15.5 
Pork mince, local 
markets 
0.05 0.2 68.4 13.1 13.1 0.2 0.2 
Mixed rice sample (not 
produced at local areas) 
0.03 0.04 309 13.0 13.0 0.2 0.2 
TOTAL highest dioxin/furans exposure (TEQ) level if people consume 
local foods: free ranged chicken & eggs, duck, beef, fresh water fish, snail 
60.4 102.8 
TOTAL dioxin/furans exposure (TEQ) if people do not consume locally 
produced high risk foods 
3.2 6.2 
Note: D*= Lowest dioxin intake TEQ (pg/day) = lowest dioxin concentration in food (TEQ 
pg/g) x daily food consumption level (g/day); E* =Highest dioxin intake TEQ (pg/day) = 
highest dioxin concentration in food (TEQ pg/g) x daily food consumption level (g/day). 
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Table 5.1 and Table 5.2 show elevated levels of dioxin/furans in potentially high risk local 
foods, including free range chicken meat (4.6 pg TEQ/g to 95 pg TEQ/g), fresh water fish 
(14.4 pg TEQ/g to 86.6 pg TEQ/g), fresh water snail (53.6 pg TEQ/g), free range duck 
meat (8.2 pg TEQ/g to 19.6 pg TEQ/g), free range chicken eggs (7.3 pg TEQ/g to 29.7 pg 
TEQ/g), free range duck eggs (15.7 pg TEQ/g) and beef (3.8 pg TEQ/g to 24.6 pg TEQ/g). 
However, caged chicken, duck meat and eggs, pork meat, seafoods, leafy vegetables, fruits 
and rice bought at local markets but originated from other areas, had much lower dioxin 
levels. 
Our previous food consumption frequency survey of 400 households in Trung Dung and 
Tan Phong wards in Bien Hoa 2007 showed that 40 households (10%) raised poultry, cattle 
or grew crops and vegetables in the last year and 27 households grew vegetables. Of these, 
16 households grew for their own consumption and 11 households grew on a large scale 
for sale (Vu Anh et al., 2008). Similar results were observed in Da Nang in 2009 (Vu Anh 
L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, Thanh Ha N, et al., 2010). After 
implementing Public Health interventions, the proportions of households who raised 
poultries, cattle, and consumed self cultivated/raised foods were reduced at both hot spots. 
For example before intervention, 7.2% of households in Tan Phong Ward consumed the 
foods they raised/cultivated at their backyards, and this proportion decreased to 0.7% after 
the intervention (Tuyet-Hanh  et al., 2013). 
Estimated daily intakes for local residents who did not consume local high risk foods 
ranged from 3.2 to 6.2 pg/kg bw/day for people living at three wards surrounding Bien Hoa 
Airbase and 1.2 to 4.3 pg/kg bw/day for people living in four wards surround Da Nang 
Airbase. For residents who consumed local high risk foods, the estimated daily intakes for 
people living surround Bien Hoa Airbase ranged from 60.4 to 102.8 pg/kg bw/day and for 
people living surrounding Da Nang Airbase ranged from 27.0 to 148.0 pg/kg bw/day 
(Table 5.1 and Table 5.2). According to the results of KAP surveys, the proportions of 
households that had risky practices, such as consuming self cultured/raised/caught foods, 
in Trung Dung, Tan Phong and Buu Long wards (Bien Hoa) remained low at 1%, 2% and 
2% for 2007, 2009, and 2013 respectively (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc 
Minh N, & Thanh Ha N, 2010; Vu Anh et al., 2008). In 2013, the proportion of 
respondents who practiced measures to reduce the risks of dioxin exposure were 59.5% 
(Trung Dung) and 36.6% (Tan Phong), which were significantly higher than in Buu Long  
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Table 5.2. Concentrations of total dioxin/furans in food samples collected 
surrounding Da Nang Airbase, and estimated level of exposure according to the safe 
and the worst case scenarios 
Types of food samples 2,3,7,8 
TCDD 
(pg/g) 
 
 
A 
TEQ 
(pg/g) 
 
 
 
B 
Daily 
food 
consump
tion level 
(g) 
C 
Lowest 
dioxin 
intake 
TEQ 
pg/day 
D*=BxC 
Highest 
dioxin 
intake- 
TEQ 
pg/day 
E*=BxC 
Lowest 
daily 
intake 
(pg/kg/ 
day) 
F=D/49.
9 
Highest 
daily 
intake 
(pg/kg/ 
day) 
G=E/49.
9 
Free ranged chicken at 
households (3 pooled 
samples) 
1.3-6.7 4.6-
18.4 
13.2 61.0 242.0 1.2 4.9 
Caged chicken bought 
at local markets (2 
pooled samples) 
0.01-
0.6 
0.1-6.1 1.5 80.0 0.03 1.6 
Duck meat bought at 
local markets 
0.4 1.0 13.7 13.7 0.3 0.3 
Chicken eggs, free 
ranged (2 pooled 
samples) 
1.5-2.6 9.3-9.8 10.9 101.6 106.9 2.0 2.1 
Duck eggs at local 
market, from other 
areas (Bien Hoa) 
0.2 0.6  9.7 9.7 0.2 0.2 
Fresh water fish caught 
at local ponds (4 
pooled samples) 
6.7-
15.3 
14.4-
86.6 
78.6 1131.8 6806.8 22.7 136.5 
Seafood (3 pooled fish 
samples, local markets) 
1.3-1.5 2.1-6.7 7.5 15.5 50.5 0.3 1.0 
Beef at local markets (2 
pooled samples) 
0.3-3.3 3.8-
24.6 
6.1 23.3 150.6 0.5 3.0 
Pork at local markets (2 
pooled samples) 
0.06-
0.08 
0.3-1.0 37.4 12.1 36.7 0.2 0.7 
Fruit vegetables at 
households 
0.03 0.05 23.7 1.1 1.1 0.02 0.02 
Leafy vegetables at 
households: 3 pooled 
samples  
0.02-
0.07 
0.07-
0.2 
139.3 9.7 28.7 0.2 0.6 
Mixed rice sample 
bought at market  
0.03 0.04 309 13.0 13.0 0.2 0.2 
TOTAL highest dioxin exposure (TEQ) level if people consume local 
foods: free ranged chicken, duck, free ranged eggs, fresh water fish and snail 
27.0 148.0 
TOTAL dioxin exposure (TEQ) if people do not consume locally produced 
high risk foods 
1.2 4.3 
Note: D* =Lowest dioxin intake TEQ (pg/day) = Lowest dioxin concentration in food (pg 
TEQ/g) x Daily food consumption level (g/day); E* = Highest dioxin intake TEQ (pg/day) 
= Highest dioxin concentration in food (pg TEQ/g) x Daily food consumption level (g/day). 
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ward, where no public health intervention was implemented (7.7%, χ2=116.1%, p < 0.001). 
In regard to a specific practice, the proportion of respondents who consumed less local 
fresh-water fish, crab, and snail in Trung Dung and Tan Phong were 24.5% and 21.6%, 
respectively; significantly higher than that in Buu Long Ward (2%, χ2=44.5, p < 0.001). 
Other appropriate practices such as avoiding foods of unclear origin, consuming less 
carrot, pumpkin and lotus harvested locally, consuming less local poultry, and consuming 
less fat and viscera have been adopted among 12% to 40% of the surveyed households. 
Similarly, in Da Nang in 2013, 73% of the respondents reported that they consumed less 
freshwater fish, shrimps and crabs. Other practices included avoid foods of unclear origin 
(58.6%), consume less carrot, pumpkin and lotus grown at the local areas (44.9%), 
consume less free range chickens and ducks (35.4%), and filter water before using 
(49.1%). Potentially high-risk food such as freshwater fish, chicken eggs, duck eggs, and 
pumpkin had quite low rates of daily consumption (<= 2.5%). Detailed results of KAP 
survey in Bien Hoa and Da Nang in 2013 were presented elsewhere (T. Tuyet Hanh et al., 
2013). 
5.3.3. Risk characterisation and discussion 
A review of biological properties and toxic effects of dioxin (especially TCDD) indicates 
that this chemical is a carcinogen and a systemic toxicant capable of causing serious health 
effects. Elevated dioxin levels in samples of soil, sediment, some types of local foods and 
blood samples of local residents at and in the vicinities of Bien Hoa and Da Nang airbases 
have been previously reported and confirmed in this study (Hatfield Consultants, 2006; 
Hatfield Consultants Ltd and Viet Nam – Russia Tropical Centre, 2009; Minh et al., 2011; 
Schecter et al., 2003). The elevated levels of dioxin in food samples reported in this study 
were similar to those reported in a study of 16 food samples collected in Bien Hoa in 2003 
(Schecter et al., 2003), indicating that the risk of exposure remains unexceptably high. A 
recent study also reported elevated levels of dioxin in free range chicken and duck eggs 
collected at nine households surrounding Bien Hoa Airbase, with PCDD/F levels up to 
249 pg TEQ/g fat (Thu et al., 2014). 
Risk characterization in this study was based on comparing the estimated daily intake 
levels that we calculated (refer to Table 5.1 and Table 5.2) with the tolerable daily intake 
(TDI) levels from the WHO (refer to the Dose-Response Assessment section). For 
residents who consumed local high risk foods, the estimated daily intakes for people living 
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surrounding Bien Hoa Airbase ranged from 60.4 to 102.8 pg/kg bw/day and for people 
living surrounding Da Nang Airbase ranged from 27.0 to 148.0 pg/kg bw/day. If dioxin 
like PCBs were analysed, then the estimated daily intakes would be even higher than these 
ranges. These levels	   far exceed the TDI recommended by WHO (1-4 pg/kg bw/day) and 
values recommened by other organizations. As such, these data showed that local residents 
living at the two hot spots were at high risk of adverse health effects from exposure to 
dioxin if they consume local foods such as fresh water fish, snail, free-ranging chicken 
meat and egg, free-ranging duck meat and eggs being raised at or in the vicinities of the 
airbases. If local residents consume foods that originate from other areas, their estimated 
daily intakes were much lower, and fall within the TDI range recommended by Health 
Canada (10 pg/kg bw/day) and were just slightly higher than the TDI range recommended 
by WHO (1-4 pg/kg bw/day). 
Therefore, for residents surrounding Da Nang and Bien Hoa dioxin hot spots, with 
appropriate preventive measures, especially not consuming high risk foods grown/raised 
inside and surrounding the airbases, the health risks can be significantly reduced. This 
finding is important to assure local residents about the risks they would face under 
different scenarios, depending on their behaviors; and by changing food consumption 
behaviors, they can significantly reduce the risk of dioxin exposure. Since the 
concentrations of dioxin/furans in soil samples taken at areas surrounding the airbases were 
usually less than 1000 pg TEQ/g, the areas were not required to be remediated by the 
Vietnamese regulation. While local residents can still live there, they should not use their 
backyards and other surrounding land for agricultural purposes, especially for 
raising/culturing the potentially high risk foods, as the standards for dioxin/furans 
concentrations applied for agricultural land are usually less than 10 pg TEQ/g (Center for 
Health, 1999). 
There were some limitations inherent in this risk assessment activity. These included 
basing the exposure assessment on the analysis of 46 pooled samples versus approximately 
400 individual samples due to the high cost of chemical analysis. However, the use of 
pooled samples is a scientifically valid and cost effective method of analysis (Heffernan A 
et al.).  Also, the food intakes for different types of foods were based on Vietnam National 
Nutrition Survey 2010, using the estimated values for the South Central Coast for Da Nang 
and Southeast Region for Bien Hoa. If a detailed survey of food intakes for all different 
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types of foods analysed in this study was implemented, then the estimates of exposure 
levels of dioxin in foods would be more acurate. 
5.3.4. Stakeholder engagement and communication 
Since the beginning and through the implementation process of this environmental health 
risk assessment activity, different stakeholders have been involved, including the Office of 
National Steering Committee on Overcoming Consequences of Toxic Chemicals used by 
US During the War in Vietnam, The Dioxin Laboratory, the Vietnam Public Health 
Association and its provincial branch in  Dong Nai and Da Nang, related departments at 
Bien Hoa and Da Nang Cities, People Committee at provincial, district and ward levels, 
seven commune health centers at studied wards, and the local residents. Since dioxin 
exposure is a very sensitive issue that has political, social, and economic implications 
within the two cities, particular care was taken in communicating the risks assessed in this 
study. Further, as the potential for exposure to these high risk foods will remain high for 
some time, continued education of local communities is essential to assist in reducing the 
long term health risks within these communities. It is important to note that not all foods 
harvested/raised/caught surrounding Bien Hoa and Da Nang airbases and local markets 
were contaminated with dioxin, but only potentially high risk foods, including free range 
chicken meat and eggs, free range duck meat and eggs, fresh water fish, fresh snails, and 
local beef were reported with elevated dioxin concentations. Effective and continued 
communication of this to local residents will result in a long term reduction in health risk 
from dioxin to within tolerable intake levels.  
5.4. Conclusion 
A range of foods (e.g. free range chicken and eggs, free range duck meat and eggs, 
freshwater fish, beef and snail) sampled from local households and surrounding the Bien 
Hoa and Da Nang airbases had high dioxin concentations, while other food s (e.g. caged 
chicken, leafy vegetables, rice, pork and seafoods) had much lower dioxin levels. The 
estimated daily intake of dioxin for local residents if they did not consume locally 
produced “high risk” foods ranged from 3.2 to 6.2 pg/kg bw/day (in Bien Hoa) and from 
1.2 to 4.3 pg/kg bw/day (in Da Nang). However, if local residents consumed locally 
produced “high risk” foods, then the estimated daily intake for local people in Bien Hoa 
was from 60.4 to 102.8 pg/kg bw/day and for Da Nang was from 27 to 148 pg/kg bw/day, 
both of which far exceeded the TDI of 1-4pg/kg bw/day recommended by WHO (World 
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Health Organization, 1998). By practicing appropriate preventive measures, the resulting 
health risks for local residents could be significantly reduced to tolerable levels.  
Although several remediation projects are currently being implemented at Bien Hoa and 
Da Nang airbases, these only help to treat the dioxin contaminated soil and sediment inside 
the two airbases. In the past four decades, dioxin pollution has already expanded to areas 
surrounding the airbases, as the environmental monitoring data has shown (Minh et al., 
2011; Minh et al., 2008). The results of this study clearly show that direct and indirect 
communication activities implemented by Vietnam Public Health Association in the recent 
years should be continued and integrated into local routine health programs. In addition, 
these results also support the regulation of the culturing, harvesting, sale and consumption 
of “high-risk” foods in the dioxin-polluted areas in Da Nang and Bien Hoa. This is 
particularly important for areas surrounding the two airbases where risk communication 
activities have not been implemented (e.g. Buu Long Ward), as residents in these areas 
continue to catch fish, prawns, crabs and raise free range chickens, ducks, cows and 
buffalos, all of which have been identified as “high risk” foods.  
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CHAPTER 6. PAPER 3: 
The effectiveness of an intervention in reducing risk of dioxin exposure in Da 
Nang: Changes in community knowledge, attitudes and prevention practices 
after 2.5 years 
Tran Thi Tuyet Hanh, Le Vu Anh, Michael P Dunne, Thomas Tenkate, Leisa-Maree Toms, 
Nguyen Ngoc Bich, Fiona Harden, (2013). The effectiveness of an intervention in reducing 
risk of dioxin exposure in Da Nang: Changes in community knowledge, attitudes and 
prevention practices after 2.5 years. Vietnam Journal of Public Health. 1 (1): 12-21. 
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School of Public Health, 138 Giang Vo Street, Hanoi, Vietnam. Email address: 
tth2@hsph.edu.vn; Telephone number: +84 912955078 or +84 4 62662322; Fax: +84 4 
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Note:  
Some information in this paper was presented at the 33rd International Symposium on 
Halogenated Persistent Organic Pollutants and POPs held in Daegu, Korea, on August 25-
30, 2013 with the presentation title “Knowledge, attitudes and practices to reduce exposure 
among residents living near Danang dioxin hot spot - 2.5 years after a preventive 
intervention”. A short abstract of approximately four pages was published in 
Organohalogen Compounds Vol. 75, 1325-1330 (2013) as conference proceeding. The 
link to this abstract is: http://www.dioxin20xx.org/pdfs/2013/8011.pdf 
6.0. Abstract 
Introduction: Environmental and biological samples taken around Da Nang Air Base have 
shown elevated levels of dioxin over many years (Hatfield Consultants, 2006; Hatfield 
Consultants and Office of the National Steering Committee 33 MONRE, 2009; T. B. Minh 
et al., 2007). A pre-intervention knowledge, attitudes and practices (KAP) survey (2009), a 
risk reduction program (2010) and a post intervention KAP survey (2011) were undertaken 
in four wards surrounding Danang Airbase. A follow-up evaluation was undertaken in 
2013.  
Methods: A KAP survey was implemented among 400 randomly selected food handlers.  
Eleven indepth interviews and four focus group discussions were also undertaken.  
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Results: The knowledge of respondents remained positive and/or improved at 2.5 years 
follow-up. There were no significant differences in attitudes toward preventing dioxin 
exposure across surveys; most respondents were positive in all three surveys. An increase 
in households (69.5%) undertaking measures to prevent exposure was observed, which was 
higher than in the pre-intervention survey (39.6%) and post- intervention survey (60.4%) 
(χ2 = 95.6; p < 0.001). The proportion of respondents practicing appropriate preventive 
measures was also significantly improved.  
Conclusions: Despite most of the intervention program’s activities ceasing in 2010, the 
risk reduction program has resulted in positive outcomes over the longer-term, with many 
knowledge and attitude measures remaining stable or improving.  Some KAP indicators 
decreased, but these KAP indicators were still significantly higher than the pre-intervention 
levels.  
Key words: Da Nang Airbase, KAP, dioxin, dioxin exposure through foods 
6.1. Introduction  
Dioxin was a byproduct present in Agent Orange (AO) and other herbicides used by the 
American military in the Vietnam War. There are currently 28 identified potential dioxin 
hot spots in Vietnam including Da Nang Airbase, a bulk of storage and supply facility for 
AO during Operation Ranch Hand.  Da Nang Airbase, is one of the two most severe dioxin 
hot spots. Elevated levels of dioxin, especially 2,3,7,8-Tetrachlorodibenzo-p-dioxin, have 
been reported in soil, sediment, some types of local foods, and human blood in these areas 
(Hatfield Consultants, 2006; Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009; T. B. Minh et al., 2007). People who live at An Khe, Hoa 
Khe, Thanh Khe Tay and Chinh Gian wards, surrounding the airbase were at risk of 
exposure to dioxin in the environment, particularly through the consumption of dioxin in 
contaminated foods (Tuyet-Hanh  et al., 2013). In 2009, a pre-intervention survey on the 
KAP of householders living near the airbase was undertaken. The results showed that the 
knowledge and practices of the local residents on dioxin and preventive measures were 
very limited (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, Thanh Ha N, et al., 
2010). Only 15.9% of respondents knew that dioxin could be present in foods.  The 
knowledge of dioxin, potentially high-risk foods and measures to prevent dioxin exposure 
was also very limited. Among the minority (39.8%) who said they practiced some 
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prevention, some were using practices unlikely to be protective. Therefore, potentially high 
risk foods were consumed frequently on a weekly basis (Tuyet-Hanh  et al., 2013). 
In response, an intervention program, comprised of education, communication, and policy 
advocacy components was implemented by Vietnam Public Health Association and its 
provincial branch in 2010 to reduce the risk of dioxin exposure through the food chain for 
people living in the four wards near Da Nang Airbase (Tuyet-Hanh  et al., 2013; Vu-Anh et 
al., 2011). A post-intervention survey in 2011 revealed that the knowledge of respondents 
on dioxin and dioxin exposure prevention was significantly improved. Generally, more 
people were aware of where dioxin could be present in the environment. The knowledge of 
the existence of dioxin in food was more than doubled compared to pre-intervention levels 
(16.1% to 37.1%, χ2 = 35.2, p < 0.001) (Tuyet-Hanh  et al., 2013). The percent of 
respondents who believed that dioxin could enter the human body through food increased 
from 78.9% to 90.7% (p < 0.001). Accurate understanding of high risk foods such as fatty 
meat, freshwater fish, shrimps, crabs, snails, viscera, as well as knowledge about 
preventive measures increased significantly (Tuyet-Hanh  et al., 2013). The intervention 
was associated with an increase from 39.8% to 60.3% in the number of households who 
undertook exposure preventive measures to reduce exposure (Tuyet-Hanh  et al., 2013). 
This study was undertaken to assess the continued effectiveness of the intervention. This 
article reports a follow-up KAP survey conducted two and a half years after the 
intervention program with the purpose of assessing the long-term effectiveness.  
6.2. Material and methods 
This survey using a KAP questionnaire of approximately 10 pages long on dioxin and on 
measures to reduce dioxin exposure was implemented from March until May 2013.  This 
survey was implemented approximately 2.5 years after the intervention. The results were 
compared with those of the pre-post intervention KAP surveys impelemented in 2009 and 
2011, which were in the same intervention wards. The surveys were designed to evaluate 
changes in the knowledge, attitude and practices of preventing dioxin exposure through 
consuming contaminated foods among food handlers in 400 households in four 
intervention wards located near by Da Nang Airbase. Sampling frames of the surveys were 
listed as of the households living in the four wards in 2009, 2011  and 2013 (approximately 
16,000 households). Sampling units were households, which were systematically randomly 
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selected from the lists. Food handlers, aged 18-65 also selected randomly from the lists,  
were invited to participate in the surveys.  
Sample sizes of the three KAP surveys were calculated based on the hypothesized change 
in health behavior before and after the interventions. Since there was no observed reference 
number from previous studies, the estimated change in food safety selection expected to be 
50%. The sample sizes were estimated, using equation 1: 
Equation 1. Formula used for sample size estimation 
 
 
Note:  
n = sample size; alpha = level of significance; Beta = power of the study; p0 was the 
anticipated population proportion had safe food selection before intervention; pA was the 
anticipated population proportion had safe food selection after intervention. 
The authors assumed that alpha = 0.05; Beta = 0.9, and that the current and expected 
population who had safe food selection before and after the intervention was greater than 
40%. From equation 1 and using software Power and Sample Size Calculation, it was 
estimated that 500 or 218 subjects were needed for 50% or 55% improvement in behavior. 
A sample size of 400 subjects for each survey in 2009, 2011 and 2013 was selected to 
ensure 50% improvement. Given the 10% sampling fraction, individual households were  
unlikely to have been selected  in the pre and post intervention surveys, and some overlaps 
may have occurred. Data was entered using Epi-data 3.2 and analyzed using SPSS 18.0 
software. In addition to the KAP survey, eleven in-depth interviews and four focus group 
discussions with representatives of Da Nang Public Health Association, Thank Khe 
District People Committee, Thanh Khe District Department of Preventive Medicine, 
People Committees, commune health centers and collaborators at the four program wards 
were undertaken for qualitative assessment. The research protocol was approved by the 
Ethics Committees at the Hanoi School of Public Health and the Queensland University of 
Technology.  
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6.3. Results and discussion 
6.3.1. Knowledge on dioxin risk reduction 
The knowledge of respondents on dioxin and prevention of dioxin exposure was improved 
significantly after the intervention program and remained at 2.5 years follow-up. In 
general, more people were aware of where dioxin could be present in the environment, 
except for their knowledge on the presence of dioxin in water when it is attached to 
suspended particles (Figure 6.1). Awareness of this aspect reduced to 67.8% in 2013 and 
was significantly lower than those in pre-intervention (80.3%) and post-intervention 
surveys (76%) (χ2 = 15.9, p < 0.001). In contrast, residents’ knowledge of dioxin existence 
in soil was significantly higher, 71.4% in 2013 compared with 54.9% in 2009 and similar 
to the rate in 2011 of 69.4% (χ2 = 22.2, p < 0.001). Knowledge of dioxin in food post 
intervention increased more than two-fold compared to the pre-intervention (16.1% 
to 37.1%, χ2 = 35.2, p < 0.001), and increased to 50% in 2013 (p < 0.001). Knowledge 
of dioxin attached to particles in air (13.6%) decreased but was not significantly different 
from that observed in the pre-intervention (15.3%) and post intervention (16.8%) 
(χ2 = 1.6, p = 0.5). The proportion of residents who did not know where dioxin exists in the 
environment (11.6%) was similar to the post-intervention survey (12.7%) and was 
significantly lower than the pre-intervention survey (27.7%, χ2 = 45.2, p < 0.001) (Tran Thi 
Tuyet-Hanh et al., 2013).  
 
Figure 6.1. Knowledge of local residents surrounding Da Nang Airbase in the presence 
of dioxin in the environment and food, 2009, 2011, 2013 
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Awareness of routes of exposure to dioxin significantly improved after the intervention and 
remained 2.5 years later (Figure 6.2). The proportion of participants who were aware of the 
main route of dioxin exposure through food consumption in 2013 was 84.1%. This was 
somewhat lower than that in the post intervention survey (90.6%), but still slightly higher 
than the rate in the pre-intervention survey (79%; χ2 = 17.6, p < 0.001). Knowledge of the 
routes of exposure through respiration and dermal absorption did not change significantly 
from 2011.  Knowledge of exposure through consuming breast milk increased significantly 
from 1.1% in 2011 to 8.6% in 2013 (p < 0.001); however, these rates remained remarkably 
low (Figure 6.2). The proportion of respondents aware of dioxin pollution in and around 
Da Nang Airbase in 2013 was 70.9%. This percentage of was not significantly different 
from the percentage in 2011 (69.2%), but it was significantly higher than that of the pre-
intervention survey in 2009 (44.7%; χ2 = 98,1, p < 0.001). 
 
Figure 6.2. Knowledge of respondents on the routes of dioxin exposure, Da Nang 2009, 
2011, 2013 
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The proportion of respondents aware of potentially high risk foods increased compared to  
the pre and post intervention surveys (Figure 6.3). The most high risk foods in dioxin hot 
spots are fresh  water fish, shrimps, crabs (especially the bottom mud feeders). In 2013, the 
number of respondents who were aware of the potentially high risk foods was 65.6% and 
this number was significantly higher than those in the pre and post intervention surveys 
(χ2 = 117.8, p < 0.001). Vegetables are usually low risk foods, except for carrot, pumpkin 
and lotus which the roots have the ability to uptake dioxin from the soil, and thus be 
contaminated with dioxin (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009; Muller et al., 1994). In dioxin hot spots, leaf vegetables can 
result in high-risk consequences if people do not wash them carefully before using. The 
proportions of respondents who thought vegetables were potentially high risk foods if 
grown in polluted areas were not significantly different across the three surveys: 79.6% 
(2009); 76.8% (2011); and 79.2% (2013) (χ2 = 3.7, p = 0.16). Knowledge of respondents 
regarding other high-risk foods such as animal fat, viscera, eggs and breast milk did not 
change significantly compared to the pre and post intervention surveys, and actually it still 
remained low (Figure 6.3). Risk communication activities in the future should focus more 
on raising awareness of local residents on these potentially high-risk foods. 
 
Figure 6.3. Knowledge on potentially high risk foods in Da Nang 2009, 2011, 2013 
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Respondents’ knowledge regarding practical ways to reduce the risk of dioxin exposure 
improved across the three surveys. In 2013, 46.7% of respondents were aware that they 
should not eat freshwater fish and aquatic products harvested from ponds and lakes inside 
and surrounding the airbase. This was significantly higher than those in the pre-
intervention survey (2.6%) and post intervention survey (20.8%) (χ2 = 198.3, p < 0.001). 
The proportion of respondents reported that they should wash vegetables before using 
carefully in 2013 (60.6%) was significantly lower than the pre-intervention (74.7%) and 
the post intervention surveys (68.5) (χ2 = 17, p < 0.001). However, knowledge of other 
preventive measures, such as reduction in consumption of animal fat, eggs, and 
breastfeeding less in the first few weeks after giving birth, was low in all three surveys 
with the proportions of respondents ranging from 0% to 16.8%. These results were similar 
to those observed in the pre and post intervention surveys in Bien Hoa dioxin hot spot in 
2007 and 2009 (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha N, 
2010; Vu Anh et al., 2008).  
6.3.2 Attitudes toward dioxin risk prevention 
There were no significant differences in attitudes toward preventing dioxin exposure across 
surveys; most respondents’ attitudes were positive in all three surveys. In 2013, 86% of the 
respondents were confident that they could reduce the risk of dioxin exposure in the 
contaminated areas, which was similar to that of the post intervention survey in 2011 
(86.6%), but was significantly higher than when the intervention occurred (77.3%; 
χ2 = 19.3, p = 0.01). Before the intervention, 96.9% of respondents were willing to quit 
some of their favorite foods if they knew that these foods were contaminated with dioxin at 
a high risk and was equivalent to the result of the pre-intervention (95.8%). The rate in 
2013 was significantly lower than those in 2009 and 2011, however, still remained at 
89.5% (χ2 = 48; p <0.001). The number of respondents willing to buy uncontaminated 
foods with higher prices (87%) was significantly lower compared to those in the pre-
intervention survey (92.1%) and the post-intervention survey (95.1%; χ2 = 35.2; p < 
0.001).  
6.3.3. Practices to reduce the risk of dioxin exposure 
The survey in 2013 showed that the proportion of households that self cultivated foods in 
Da Nang in the preceding 2.5 years remained low (e.g., only 18 households or 4.5%). This 
was not significantly lower than what was found in the pre and post-intervention surveys 
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(6.9% and 4.9%, respectively; χ2= 2.6, p= 0.3). There was a significant increase in the 
number of households (69.5%) that already undertook exposure preventive measures, 
compared to that of the pre-intervention survey (39.6%) and the post- intervention survey 
(60.4%; χ2 = 95.6; p < 0.001). The proportion of the respondents practicing appropriate 
preventive measures was also significantly improved compared with the pre- and post-
intervention surveys. Specifically, in 2013, 73% of the respondents reported that they have 
consumed less freshwater fish, shrimps and crabs.  This was significantly higher than those 
reported in 2011 (38.4%) and 2009 (15.7%; χ2 = 146.6; p < 0.001). Other practices 
included: (1) avoid foods of unclear origin (58.6%); (2) consume less carrot, pumpkin and 
lotus grown at the local areas (44.9%); (3) consume less free range chickens and ducks 
(35.4%); and (4) filter water before using (49.1%). These practices increased significantly 
compared to those in the pre- and post-intervention surveys. The proportion of the 
respondents who consumed less fat and viscera in 2013 was also significantly higher than 
those in the pre- and post-intervention surveys; however, it still remained low (10.2%) 
(Figure 6.4). 
 
Figure 6.4. Practices to reduce the risk of dioxin exposure through foods, Da Nang 
2009, 2011, 2013 
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In 2013, potentially high-risk such as freshwater fishes, chicken eggs, duck eggs, and 
pumpkin had quite low rates of daily consumption (<= 2.5%) and were significantly lower 
than those of the pre-intervention survey. The weekly consumption frequencies of some 
potentially high-risk foods in 2013 were slightly higher than those in the post-intervention 
survey. However, the consumption frequencies still decreased compared to those in the 
pre-intervention survey (Figure 6.5). The following reduction in consumption was 
observed from 2009 to 2011, and to 2013: pumpkin on a weekly basis from 63.7% to 
34.5% and 37.5% (p < 0.001); freshwater fish from 51.4% to 17.4% and 32% (χ2 = 105.4; 
p < 0.001); wild goose, duck meat from 15.3% to 5.6% and 2.7% (χ2 = 46.4; p < 
0.001); and viscera from 6.3% to 2.9% and 2.5% (χ2 = 8.8; p = 0.01) (Figure 5). Other 
foods such as beef, buffalo meat, pork, and seafood had high weekly consumption 
frequencies; however, these were listed as low risk foods because the activities of raising 
cattle and pigs were not observed in Da Nang in 2013. 
 
Figure 6.5. Weekly consumption frequencies of potentially high risk foods, Da Nang 
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Some challenges and opportunities for sustainability of the program 
According to the qualitative interviews and focus group discussions, migration and rapid 
changes in land use may significantly affect the results of the intervention. People who 
become aware of dioxin exposure may move to other areas and new people unaware of the 
problems could move into the high risk areas. Therefore, it is important to continue the risk 
reduction strategies: “Communication activities should be continued as people’s 
knowledge and practices may decrease as time passes; we also have a large number of 
people who move in and out as you see rapid development in this area…” (in-depth 
interview, representative, District People Committee). An increase in fish density at local 
ponds and canals due to the reduction in fishing activities by local residents and the release 
of fish on special occasions for wishing luck and happiness (traditional Vietnamese beliefs) 
can lead to potential hazards for people who are not aware of the risk. In addition, the 
Environmental Remediation of Dioxin Contamination at Danang Airport Project may have 
an effect. The cleanup work is expected to be completed at the end of 2016. On the one 
hand, cleanup work is important in treating the contaminated soil inside the airbase to 
prevent futher spread of dioxin. On the other hand, the limitations of this project is that 
some residents might not appreciate. Some interviewed residents thought that the Project 
would help to clean up dioxin completely in the areas surrounding the Airbase. Therefore, 
so they anticipated that they could start growing vegetables, raising chickens and fishing at 
local ponds. A local male resident from Da Nang said “I heard that there is a huge 
American cleanup project with millions of dollars to completely solve this problem; so it is 
very good that from now on, we can live in a safer environment and the foods will be safe.”  
Indepth interviews and focus group discussions also indicated that most of the information-
education-communication activities implemented in 2010 had ceased by 2013 and only 
few activities remained. Some collaborators recognised the risk for local residents and due 
to their enthusiasm, they continued to communicate information on preventive measures 
whenever appropriate. However, they shared their concerns regarding the sensitive 
political-social-economic-health aspects of the dioxin issue and suggested an important 
role of the City People Committee and Party’ guidances and directions. For example, they 
said there are opportunities to integrate communication activities into monthly/quarterly 
meetings of community and social organization. To facilitate this, the collaborators advised 
that:“… it tends to require the directions from the upper government level, the City People 
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Committee. Otherwise, if we organize meetings to discuss the issues of dioxin, the 
commune people committee and people will question us in terms of who or what 
guideline/policy/ direction allows us to do so? So you see it is not just about the money, 
and dioxin is a very sensitive issue” (FGD, collaborators, Da Nang). 
Another important factor that supports the maintenance of residents’ awareness of dioxin 
and practices in prevention is that the words “dioxin/Agent orange” are prominent in 
public awareness and still evoke a strong emotional reaction, usually fears of severe health 
impacts such as birth defects and cancers. In this context, the benefits of health 
communication programs persist over many years: “Oh, people would remember 
information for years. You see, there are so many people having cancers, like at the 22nd 
and 23rd blocks, so many people died from cancers, and you know, most of them are quite 
young; and children are born with birth defects too. In the past, people caught fish in these 
ponds, raised chickens and grew vegetable here for consumption and due to the poison of 
dioxin now they are sick and their children and grand children are having birth defects” 
(FGD, collaborators, Da Nang City). 
6.5. Conclusion 
These findings indicate that the Public Health intervention program implemented in Da 
Nang dioxin hot spot is effective in improving knowledge, attitudes and practices among 
local people and its outcomes have been sustained for 2.5 years after the intervention. In 
2013, residents remained aware of health risks associated with dioxin exposure and many 
applied recommended methods to prevent exposure through food. However, it is important 
to emphasize that the problem has not been solved entirely. Qualitative assessment showed 
that most of the program activities have ceased. Moreover, due to migration and changes in 
land use, an increase in fish density in local ponds, and some misunderstanding about the 
scale of the Environmental Remediation Project, the risk communication activities need to 
be continued and integrated into routine health activities. Residents and collaborators 
believe that this requires direction from the Provincial People Committee due to the 
sensitivity of the dioxin issues.  
In 2014, deeper analysis of findings from this research project – including laboratory 
analysis of dioxin concentrations in foods in Da Nang and Bien Hoa dioxin hot spots - will 
be integrated to provide a comprehensive assessment of the sustainability of the 
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intervention program. The outcome of this research may provide useful evidence to expand 
the prevention model to other dioxin hot spots in the country.  
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7.0. Abstract 
Bien Hoa Airbase was one of the bulk storage and supply facilities for defoliants during 
the Vietnam War. Environmental and biological samples taken around the airbase have 
elevated levels of dioxin. In 2007, a pre-intervention knowledge, attitude and practice 
(KAP) survey of local residents living in Trung Dung and Tan Phong wards was 
undertaken regarding appropriate strategies to reduce dioxin exposure. A risk reduction 
program was implemented in 2008 and post intervention KAP surveys were undertaken in 
2009 and 2013 to evaluate the longer-term impacts. Quantitative assessment was 
undertaken via a KAP survey in 2013 among 600 local residents randomly selected from 
the two intervention wards and one control ward (Buu Long). Eight in-depth interviews 
and two focus group discussions were also undertaken for qualitative assessment. Most 
program activities had ceased and dioxin risk communication activities had not been 
integrated into local routine health education programs, however, main results generally 
remained and were better than that in Buu Long. 48.2% of households undertook measures 
to prevent exposure, higher than those in pre and post intervention surveys (25.8% and 
39.7%) and the control ward (7.7%). Migration and the sensitive nature of dioxin issues 
were the main challenges for the program’s sustainability. 
Key words: Bien Hoa Airbase, KAP, dioxin exposure through foods, five years post 
intervention 
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7.1. Introduction  
Dioxin was a by-product present in Agent Orange (AO) and other herbicides used as 
defoliants by the American military in the Vietnam War. The term dioxin includes 75 
individual compounds PCDD (poly-chloro-dibenzo-dioxins), 135 PCDF compounds (poly-
chloro-dibenzo-furans), and 209 PCB compounds (poly-chloro-biphenyls) (Agency for 
Toxic Substances and Disease Registry, 1998). Dioxin exposure has been reported to cause 
various adverse health outcomes, including damage to the liver, reproductive system, 
nervous system, immune system, hormonal system, cardio-vascular system, and the lungs 
(Center for Health Environment and Justice, 1999). There was sufficient evidence of an 
association between exposure to dioxin in AO and other herbicides and the following 
health outcomes: soft-tissue sarcoma (including heart), non-Hodgkin’s lymphoma, chronic 
lymphocytic leukemia (including hairy cell leukemia and other chronic B-cell leukemias), 
Hodgkin lymphoma, and chloracne (Institute of Medicine, 2014). Bien Hoa Airbase was a 
bulk storage and supply facility for AO and other herbicides during Operation Ranch Hand 
and since the mid 1990s, Hatfield Consultants has surveyed Bien Hoa Airbase and other 
former United States military installations in southern Vietnam and has identified at least 
28 potential dioxin hotspots (U.S. Vietnam Dialogue Group on Agent Orange/Dioxin, 
2013). Elevated levels of dioxin have been reported in soil, sediment, some types of local 
foods, and human blood collected from inside Bien Hoa Airbase and the surrounding areas 
(Hatfield Consultants Ltd and Viet Nam – Russia Tropical Centre, 2009; Minh et al., 2011; 
Schecter et al., 2001). These included levels in soil samples up to 262,000 ppt TEQ 
(Hatfield Consultants and Office of the National Steering Committee 33 MONRE, 2011) 
and 1,180,737 ppt TEQ (with 2,3,7,8 TCDD level was 1,164,699 ppt) (Schecter A et al., 
2001). Bien Hoa and Da Nang airbases have been reported as the two major prioritized 
dioxin hot spots in Vietnam (Dwernychuk WL, 2005).  
Previous research has reported on the risk posed by dioxin exposure among local residents 
living at Trung Dung, Tan Phong and Buu Long wards (Schecter et al., 2003; Tuyet-Hanh, 
Vu-Anh, Ngoc-Bich, & Tenkate, 2010). TCDD levels of up to 271 ppt were found in Bien 
Hoa residents, which was 135 times higher than the level in a pooled sample from 100 
residents of Hanoi (2ppt), where Agent Orange was not used (Schecter A et al., 2001). To 
address this issue, a comprehensive risk reduction intervention program comprising of 
education, risk communication, and policy advocacy components was implemented in 
2008 (hereafter mentioned as “intervention”) (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, 
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Duc Minh N, Thanh Ha N, et al., 2010). To evaluate the effectiveness of this program, a 
pre-intervention survey and a series of post-intervention surveys were undertaken. These 
surveys focused on the knowledge, attitude and practice (KAP) of householders living at 
Trung Dung and Tan Phong wards. The results of the pre-intervention survey showed that 
the knowledge and practices of the local residents regarding dioxin and preventive 
measures were very limited (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, 
Thanh Ha N, et al., 2010; Vu Anh et al., 2008). A food consumption survey also showed 
that potentially high risk foods were consumed frequently on a weekly basis (Vu Anh L, 
Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha N, 2010; Vu Anh et al., 2008). 
At one year post intervention, another KAP survey was undertaken, which showed that the 
knowledge of respondents on dioxin and dioxin exposure prevention was significantly 
improved (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha N, 2010). 
Buu Long Ward, the control site, was located near newly discovered severely dioxin 
polluted areas in the South-west of Bien Hoa Airbase. The levels of dioxin in the soil and 
mud samples at the Airbase site close to Buu Long Ward were as high as those near Trung 
Dung and Tan Phong wards (Minh et al., 2008). Buu Long had a similar socio-economic 
status with Trung Dung and Tan Phong wards, and to date no public health intervention 
has been implemented in this area. It is important to assess the current KAP situation in 
this ward to inform future intervention to reduce the risk of dioxin exposure. This 
manuscript reports a follow-up KAP survey conducted five years after the intervention at 
the two wards. This is compared to the results of the pre and post intervention KAP 
surveys at Trung Dung and Tan Phong wards as well as the results at the control ward to 
assess long-term effectiveness of the first public health intervention program implemented 
in Vietnam to reduce the risk of dioxin for local residents living surrounding Bien Hoa 
Airport.  
7.2. Material and methods 
This survey used a KAP questionnaire of approximately 10 pages in length on dioxin and 
measures to reduce the risk of dioxin exposure. It was implemented in May-June 2013, 
approximately five years after the intervention. The results were compared with those of 
the pre-post intervention KAP surveys implemented in 2007 and 2009 in the same 
intervention wards and compared with the results in 2013 in Buu Long Ward. The surveys 
were designed to assess changes in the KAP of preventing dioxin exposure through 
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consumption of contaminated foods among residents who handle food in 400 households 
in the two intervention wards. This was compared with those of residents who handle food 
in 200 households living at Buu Long Ward. Sampling frames of the surveys were the lists 
of all households living in Trung Dung and Tan Phong wards in 2007, 2009 and 2013 and 
in Buu Long Ward in 2013. Sampling units were households, which were systematically 
randomly selected from the lists. The main route of dioxin exposure was through 
consumption of dioxin contaminated food and this was the focus of the Public Health 
intervention. For this reason, people responsible for purchasing and/or preparing foods for 
their families, aged 18-65 years from randomly selected households, were invited to 
participate in the surveys.  
Sample sizes of the three KAP surveys in Trung Dung and Tan Phong wards were 
calculated based on the hypothesized change in health behavior before and after the 
interventions, and 400 householders were randomly selected to participate each survey 
(Tuyet-Hanh  et al., 2013). All the participants attended at the intervention study. In 
addition to 400 households in the two intervention surveys, 200 subjects from Buu Long 
Ward were surveyed in 2013 to provide data as a control ward for comparision. Data was 
entered using Epi-data 3.2 and analyzed using SPSS 18.0 software. Dioxin remains a 
sensitive and complicated issue in Vietnam, with  environmental, health, social economic 
and political aspects. Therefore, in addition to the KAP survey, a qualitative method was 
employed to explore the challenges and opportunities for sustainability of the public health 
intervention program. Eight indepth interviews and two focus group discussions (FGD) 
with representatives of Dong Nai Public Health Association, Bien Hoa Department of 
Preventive Medicine, People Committees, commune health centers and collaborators at the 
two program wards and a control ward were undertaken during May-June 2013. Official 
invitation letters were sent to all participants one week prior the interview/FGD and the 
principle researcher conducted the in-depth interviews at participants’ offices and the 
FGDs at meeting rooms of commune health centers. Qualitative data from in-depth 
interviews and focus group discussions were recorded, transcribed, coded and analysed 
according to different identified themes. This paper presents the detailed results of the 
quantitative assessment and selected results of the qualitative study. The qualitative results 
presented are quotes from interviewees and provide context for an initial discussion of 
some of the challenges and opportunities for sustainability of the program. The research 
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protocol was approved by the Ethics Committees at the Hanoi School of Public Health and 
the Queensland University of Technology (Ethics Approval Number 1200000572).  
7.3. Results and discussion 
7.3.1. Knowledge on dioxin and measures to reduce the risk of dioxin exposure 
The results of our 2013 KAP survey showed that the knowledge of respondents in Trung 
Dung and Tan Phong wards on dioxin and prevention of dioxin exposure generally 
remained elevated at five years follow-up, but some indicators had decreased compared to 
those in the post intervention survey in 2009. However, these were still higher than those 
in the pre-intervention survey and those observed in Buu Long Ward in 2013. The KAP 
survey 2013 showed that more people were aware of where dioxin could be present in the 
environment and food. For example, 2.3%, 44.4% and 43% of participants in Trung Dung 
and 21.5%, 28.2% and 53.8% of participants in Tan Phong were aware of the presence of 
dioxin in food in the 2007, 2009, and 2013 surveys. The proportions in Trung Dung and 
Tan Phong wards in 2013 were significantly higher than that in Buu Long (8.2%; χ2=98.3, 
p < 0.001). The proportions of residents aware of the existence of dioxin in the air 
(attached to particles) were generally low at the three wards for all surveys. 29.9% in 
Trung Dung and 24.7% in Tan Phong (2013) did not know where dioxin exists in the 
environment, which were significantly lower than that in 2007 (29.9% and 24.7%) and 
lower than the proportion in the control ward in 2013 (57.6%; χ2 = 45.7, p < 0.001).  
The awareness on the routes of dioxin exposure, especially the oral route, significantly 
improved after the intervention and awareness remained elevated five years later (Table 
7.1). The proportions of participants in Trung Dung and Tan Phong wards aware of the 
main route of dioxin exposure through food consumption in 2013 were 77.5% and 84.1%, 
significantly higher than the rates in the pre-intervention survey (49% and 71.3%; p < 
0.001) and also significantly higher than that in the control ward- Buu Long in 2013, which 
was 45.4% (χ2 = 78.6; p < 0.001). The knowledge of exposure through consuming breast 
milk increased significantly from 1.3% and 5.1% post intervention to 8.1% and 22% in 
Trung Dung and Tan Phong in 2013, which were higher than that in Buu Long in 2013 
(7.1%, χ2 = 25.4, p < 0.001). However, it should be noted that these rates still remained 
remarkably low (Table 7.1). Further risk communication activities at Bien Hoa dioxin hot 
spot should pay more attention to raising awareness about these potential routes of dioxin 
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exposure. Knowledge on other less likely routes of exposure, including respiration and 
dermal contact were low and did not change significantly from 2009. 
Table 7.1. Knowledge of respondents on the potential routes of dioxin exposure, Trung 
Dung and Tan Phong wards 2009, 2011, 2013; Buu Long Ward 2013 
Routes of 
exposure 
Trung Dung     (%) Tan Phong      (%) Bửu 
Long 
 2007 2009 2013 χ2, p 2007 2009 2013 χ2, p 2013 
Oral 49.7 79.1 77.5 χ2=44.5 
p<0.001 
71.3 79.8 84.1 χ2=10.7; 
p=0.005 
45.4* 
Respiration 39 35.3 44.5 χ2=3.2; 
p=0.2 
41.7 32.2 18.5 χ2=26.2; 
p<0.001 
14.8* 
Dermal 9 3.3 9.5 χ2=5.7; 
p=0.06 
13 13.9 7.2 χ2=5.5; 
p=0,06 
3.6* 
Breast milk  0 1.3 8.1 χ2=8,0; 
p=0.005 
0 5.1 22 χ2=30.5; 
p<0.001 
7.1* 
Others/do 
not know 
20.3 16.4 16 χ2=62,6 
p<0.001 
13.9 18.4 12.8 χ2=28.5; 
p<0.001 
44.4* 
* = The results were significantly different with the proportions reported in Trung 
Dung and Tan Phong wards in 2013, with p values < 0.001. 
 
In Trung Dung Ward, 78% of respondents were aware of dioxin pollution in and around 
Bien Hoa Airbase, significantly higher than those in pre-intervention and post intervention 
surveys and in Buu Long Ward (32.8%, 76% and 34.9%, p < 0.001). In Tan Phong Ward, 
although the proportion in 2013 (60.8%) was significantly lower than that in the post 
intervention survey in 2009 (69.5%), it was still higher than that in the pre-intervention 
survey in 2007 (53.4% χ2 = 25.9, p < 0.001), and was also significantly higher than that in 
the control ward- Buu Long in 2013 (34.9%; χ2 = 76.6, p < 0.001).  
The most potentially high-risk foods in dioxin hot spots are fresh water fish, shrimp, and 
crab (especially the bottom mud feeders) caught at dioxin-polluted ponds. In 2013, 62.2% 
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and 49.8% of respondents in Trung Dung and Tan Phong wards were aware of these 
potentially high-risk foods, which were significantly higher than those in the pre and post 
intervention surveys, and also significantly higher than that in Buu Long Ward, which was 
27.5% (χ2 = 48.5%, p < 0.001). Vegetables are usually low risk foods, except for carrot, 
pumpkin and lotus that have the ability to uptake dioxin from the soil and thus be 
contaminated with dioxin (Hatfield Consultants and Office of the National Steering 
Committee 33 MONRE, 2009; Muller et al., 1994). In dioxin hot spots, leafy vegetables 
can carry a high risk if people do not wash them carefully to remove all dust and dirt 
attached to the leaves. The proportions of respondents in Trung Dung and Tan Phong 
wards who thought vegetables were potentially high risk foods if grown in polluted areas 
in the survey in 2013 (66.8% and 67.5%) were significantly higher than the previous 
surveys and higher than that in the control ward- Buu Long in the same year 2013 (30.1%; 
χ2 = 72.1, p < 0.001). The knowledge of respondents in Trung Dung and Tan Phong wards 
regarding other potentially high-risk foods such as animal fat, viscera, eggs and breast milk 
also changed significantly compared to the pre and post intervention surveys, and higher 
than those reported in Buu Long Ward in 2013, however, the proportions still remained 
quite low. Risk communication activities in the future should focus more on raising 
awareness of local residents in all the three studied wards on these potentially high-risk 
foods. The proportions of residents living at Trung Dung and Tan Phong wards who did 
not know potentially high risk foods in the 2013 surveys (7.1% and 12.7%) were similar or 
lower than those in the post intervention survey (13.3% and 12.1%), lower than those in 
the pre-intervention survey (19.2% and 17.6%, respectively), and significantly lower than 
that in the control ward – Buu Long in the same year 2013 (which was 44.6%; χ2 = 94.3, 
p < 0.001). 
In the intervention wards, respondents’ knowledge regarding practical ways to reduce the 
risk of dioxin exposure through foods improved across the three survey phases and was 
significantly better than those in Buu Long Ward. In 2013, 90.5% of respondents in Trung 
Dung and 71.9% of residents in Tan Phong reported that washing vegetables carefully can 
reduce the risk of dioxin exposure, which was significantly higher than the proportions in 
the pre and post intervention surveys and also significantly higher than that in the Buu 
Long Ward in 2013 (31.4%; χ2 = 157.1, p < 0.001, Table 7.2). Although currently there is 
no study investigating the risk reduction from carefully washing the leafy vegetable 
harvested at polluted areas, it is reasonable to assume that for residents living at severe 
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dioxin hot spot like Bien Hoa, the practice of washing vegetables carefully can help to 
remove the dust attached on the surface of leaves, and thus reduce the risk of dioxin 
exposure for consumers. However, it should be noted that for plants like carrot and 
pumpkin, the roots can uptake dioxin from soil and mud (Muller et al., 1994), so the 
method of washing vegetables carefully may not be effective in removing dioxin in these 
cases. 
Table 7.2. Knowledge on measures to reduce the risk of dioxin exposure through foods, 
Trung Dung and Tan Phong wards 2007, 2009, 2013; Buu Long Ward 2013 
Preventive 
measures 
Trung Dung % Tan Phong % Buu 
Long % 
2007 2009 2013 χ2, p 2007 2009 2013 χ2, p  2013 
Wash 
vegetable 
carefully 
60.4 73.9 90.5 χ2=46.4 
p<0.001 
55.2 60.3 71.9 χ2=13.0 
p=0.002 
31.4* 
Cook food 
thoroughly 
40.1 34.6 66.5 χ2=42.7 
p<0.001 
45.3 27.9 42.2 χ2=18.2 
p<0.001 
24.2* 
Consume less 
animal fat 
1.7 20.3 29.5 χ2=51.3 
p<0.001 
5.4 20.6 34.2 χ2=55.6 
p<0.001 
9.8* 
Consume less 
fresh water 
fish 
0 3.3 15.5 χ2=39.8 
p<0.001 
1.3 7.7 31.7
* 
χ2=97.6 
p<0.001 
16.5* 
Consume less 
local eggs 
0  0  8.5 χ2=29.0 
p<0.001 
0.5 6.3 5.5 χ2=11.6 
p=0.003 
2.6* 
Others 34.1 17 6.5 χ2=51.4 
p<0.001 
47.1 28.3 5.0 χ2=96.9 
p<0.001 
4.2 
Do not know 19.2 10.5 5 χ2=19.0 
p<0.001 
10.8 13.2 14.6 χ2=1.43 
p=0.49 
45.9* 
* = The results were significantly different with the proportions reported in Trung Dung 
and Tan Phong wards in 2013, with p values < 0.01. 
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The results also showed that 29.5% and 34.2% of participants in Trung Dung and Tan 
Phong wards in 2013 were aware that reducing fat consumption can reduce the risk of 
dioxin exposure. These proportions were significantly higher than those in the previous 
surveys and also higher than that in Buu Long Ward (9.8%; χ2=35,3, p < 0,001). 15.5% 
and 31.7% of residents in Trung Dung and Tan Phong wards were aware that they should 
not eat freshwater fish and aquatic products harvested from ponds and lakes inside and 
surrounding the airbase, which were significantly higher than those in the pre and post 
intervention surveys. The proportion in Trung Dung Ward in 2013 (15.5%) was slightly 
lower than that in the control ward – Buu Long (16.5%), while the proportion in Tan 
Phong (31.7%) was almost doubled that in Buu Long in the same year 2013 (χ2=12.3, p 
<0.001). The knowledge of other preventive measures, including taking steps to reduce 
consumption of eggs was low in all three surveys (Table 2). These results were similar to 
those observed in the pre and post intervention surveys in the Bien Hoa dioxin hot spot in 
2007 and 2009 (Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc Minh N, & Thanh Ha N, 
2010; Vu Anh et al., 2008) and also similar to the surveys undertaken in 2009, 2011, 2013 
in Da Nang- the second most severe dioxin hot spot in Vietnam (T. Tuyet Hanh et al., 
2013; Tuyet-Hanh  et al., 2013).  
7.3.2. Attitude towards preventing dioxin exposure 
In 2013, the proportion of respondents in Trung Dung who said that they trusted measures 
to reduce the risks of dioxin exposure (79.5%), was not significantly different from those 
in the pre-intervention survey (72.3%) and post-intervention survey (82.9%, χ2=8.2, p = 
0.085), but significantly higher than that in Buu Long ward in 2013 (57.1%, χ2=33.5, p < 
0.001). In Tan Phong, however, there was an observed decrease trend in the proportion of 
residents trusting measures to reduce the risks of dioxin exposure across the three surveys 
(85.7% in 2007, 79.9% in 2009 and 60.1% in 2013, χ2=58.6, p < 0.001). The proportions of 
respondents in Tan Phong Ward who did not trust the preventive measures remained 
similar across the surveys (8.5%, 10%, and 10%, respectively), which were lower than that 
in Buu Long (18.9%); while the proportions of respondents answered “do not know” in 
Tan Phong increased from 5.5% (2007) to 9.9% (2009) and 29.8% (2013). When 
participants were asked if they were willing to follow advice from experts in order to 
reduce the risks of exposure for themselves and family members, over 90% of respondents 
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at the two intervention wards over the three surveys and in Buu Long ward in 2013 
answered “yes” (except for the proportion in Tan Phong in 2013 was 88.4%, Figure 7.1). 
Figure 7.1. Attitude towards preventing dioxin exposure 
The proportions of respondents who were willing to cease consuming favorite foods (if 
they were potentially high risk foods) in Trung Dung and Tan Phong in 2013 (78.5% and 
77.4%) were significantly lower than those in the pre-intervention and post intervention 
surveys (95.5% and 91.3% in Trung Dung in 2007 and 2009 χ2=62.5, p < 0.001; and 91% 
and 94.9% in Tan Phong in 2007 and 2009, χ2=82.6, p < 0.001). The proportions also were 
lower than that in Buu Long Ward in 2013 (85.6%, χ2=64.1, p < 0.001). 96% of 
respondents in Trung Dung Ward were willing to pay more money for lower risk foods, 
which was not significantly higher than the pre and post-intervention surveys’ results 
(92.7%, χ2=9.7, p = 0.14). However, the proportion in Tan Phong Ward decreased 
significantly across the three surveys (92.4% in 2007, 87.5% in 2009 and 74.4% in 2013; 
χ2=44.5, p < 0.001). More people in the survey in 2013 in Tan Phong Ward chose the 
option “may be” than in the previous surveys, and the proportions answered “not ready” 
remained low (under 3.3%) at the three surveys. This may be due to the decrease in the 
proportions of people in Tan Phong who did not trust the preventive measures as well as 
the decrease in the proportion of respondents being aware of dioxin pollution in and around 
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Bien Hoa Airbase across the surveys. The proportion of respondents willing to purchase 
low risk foods at higher prices in Buu Long Ward in 2013 was 82.4%, which was lower 
than that in Trung Dung and higher than the proportion in Tan Phong Ward in the same 
year. 
7.3.3. Practices towards reducing the risk of dioxin exposure 
One potentially high risk behavior for local residents living surrounding Bien Hoa Airbase 
was consuming the foods they grow/raise/catch in the local area. Fortunately, the 
proportions of households consuming self cultured/raised/caught foods in Trung Dung 
Ward remained low at the three surveys (0.6% in 2007, 0.7% in 2009%, and 1% in 2013), 
and significantly decreased in Tan Phong Ward since 2007 (7.2% in 2007, decreased to 
0.7% in 2009, and to 2% in 2013; χ2=6.78, p = 0.034). The proportion in Buu Long Ward 
in 2013 was also low, at 2%. The proportion of respondents in Trung Dung Ward who 
practiced measures to reduce the risks of dioxin exposure increased significantly from 
11.3% (2007) to 46.7% (2009) and 59.5% (2013) (χ2=94.8, p < 0.001). However, the 
proportion in Tan Phong Ward remained similar at the three surveys (37.2%, 35.8%, and 
36.6%, respectively; χ2=0.11, p = 0.95). The proportions in Trung Dung and Tan Phong 
wards in 2013 were significantly higher than that in Buu Long Ward (7.7%, χ2=116.1%, p 
< 0.001, see Figure 7.2). 
 
Figure 7.2. Practices to reduce the risks of dioxin exposure at three wards surrounding 
Bien Hoa Airbase.  
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Generally, the survey’s results in 2013 showed that more people are practicing appropriate 
measures to reduce their risks of being exposed to dioxin, compared to those in the post 
intervention survey (2009) and in the control ward. For example, the proportions of 
respondents consuming less local fresh-water fish, crab, and snail in Trung Dung and Tan 
Phong in 2013 were 24.5% and 21.6%, respectively; which were significantly higher than 
those in 2009 (6.5% and 4.8%, p < 0.001), and higher than that in Buu Long Ward (2%, 
χ2=44.5, p < 0.001). Other appropriate practices such as avoiding foods of unclear origin, 
consuming less carrot, pumpkin and lotus harvested locally, consuming less local free-
ranged poultry, and consuming less fat and viscera have been undertaken among 12% to 
40% of the surveyed households, and significantly improved as compared with the post 
intervention survey’s results. No results were available in the survey in 2007 for 
comparison as specific preventive measures were explored and developed in 2008. Also it 
was observed that in the survey in 2013, Trung Dung and Tan Phong wards had lower 
daily consumption frequencies of potentially high risk foods than Buu Long Ward, while 
potentially low risk foods such as leafy vegetables and seafood were consumed more 
frequently at the intervention wards than in Buu Long. Figure 7.3 showed the daily 
consumption frequencies of potentially high-risk foods at the intervention and non-
intervention wards in 2013.  
 
Figure 7.3. Daily consumption frequencies of potentially high-risk foods at Trung Dung, 
Tan Phong and Buu Long wards, 2013 
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The five potentially high risk foods with the highest daily consumption rates in Trung 
Dung and Tan Phong wards in 2013 were fresh water fish (10.6%), chicken eggs (8.4%), 
duck eggs (5.8%), pork belly (5.6%), and chicken (2.5%), which were significantly lower 
than those in Buu Long Ward in 2013 (fresh water fish 21.2%, chicken egg 21.8%, duck 
egg 17%, pork belly 28.9%, and chicken 9.5%, p < 0.001, Figure 7.3). 
7.4. Some challenges and opportunities for sustainability of the program 
It has been five years since the intervention to reduce the risks of exposure to dioxin in the 
environment and foods in Trung Dung and Tan Phong wards was undertaken. Most of the 
intervention activities had ceased, but important results of the program still remained. 
Qualitative in-depth interviews and focus group discussions showed that migration might 
significantly affect the results of the intervention. For example, people who become aware 
of dioxin exposure during the intervention time may move to other areas and new people 
unaware of the problem could move into high-risk areas surrounding the Bien Hoa 
Airbase. As such, there is a need to continue risk communication activities. All 
information-education-communication materials from the Public Health intervention 
program in 2008 by the Vietnam Public Health Association and its provincial partner were 
shared with local authorities to be adapted for use in future risk communication activities at 
these wards.  
Another challenge for program’s sustainability is that following the intervention, the 
program’s activities have not been integrated into routine health education 
programs/activities implemented by local departments: “You see, the intervention to 
improve the knowledge and practices of local residents was very practical, meaningful and 
easy to be implemented at the community level. However, the intervention program was 
not integrated into local routine programs. To be sustained, I think that after the 
intervention, its activities should be integrated with other routine activities implemented by 
local authorities…” (in-depth interview, representative, Bien Hoa City Department of 
Health, male, at his 50s). Similar to the qualitative assessment in 2013 in the Da Nang 
dioxin hot spot, despite the intervention program’s activities concluding, some 
collaborators still recognize the risk for local residents and due to their enthusiasm, have 
continued to undertake risk communication activities on dioxin exposure preventive 
measures whenever appropriate. However, they also shared their concerns regarding the 
sensitive political-social-economic-health aspects of the dioxin/Agent Orange issues and 
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suggested an important role for the official guidance from Provincial People Committee 
and the Party (T. Tuyet Hanh et al., 2013). Some collaborators advised that: “It is sensitive. 
To continue our risk communication activities at the community, we need the direction 
from upper government level, the Dong Nai Provincial and Bien Hoa City People 
Committees. Otherwise we might be in trouble. You see, it is sensitive; unlike other health 
issues like dengue fever, avian influenza etc. you can do risk communication this year, and 
carry on next year, and so on. For dioxin risk communication, you need direction from 
upper levels” (FGD, collaborators, both males and females, ages ranged from 45 to 60s, 
Bien Hoa). One possible hypothesis is that following the end of the war in 1975, the United 
States imposed a diplomatic and economic embargo on Vietnam, only fully normalizing 
relations in 1995. During the normalization of relations, the dioxin issue remained in the 
background for both governments. In the past two decades, progress has been made toward 
encouraging open discussion of this issue. Nevertheless it remains a politically sensitive 
issue (Isaacson W, 2007). 
An effective government policy that supports this intervention is a decision from the Dong 
Nai Provincial People Committee to ban all cattle, pig and poultry raising activities in Bien 
Hoa City. According to the head of Tan Phong commune health center, due to an effective 
risk communication program and the enforcement of this Decision, the number of 
households raising cattle, pigs, and poultries has significantly decreased since 2008. 
Another factor that helped to maintain the residents’ awareness of dioxin and preventive 
practices was that the word “dioxin” usually evokes a strong emotional reaction for many 
people, with fears of severe health impacts such as birth defects and cancers, which people 
have regularly seen on the television. In this context, the benefits of health communication 
programs persist over some years.  
7.5. Conclusion 
The findings indicate that the Public Health intervention program implemented 
surrounding Bien Hoa Airbase - the most severe dioxin hot spot in Vietnam, helped to 
improve knowledge, attitudes and practices among local people and its main outcomes 
have been sustained five years after the intervention, especially at Trung Dung Ward. The 
results of different KAP indicators differed between Trung Dung and Tan Phong wards, 
and were generally better than those in the control ward of Buu Long. In 2013, residents in 
the two intervention wards remained aware of health risks associated with dioxin exposure 
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and many applied recommended methods to prevent exposure through food. However, five 
years post intervention, most of the program activities have ceased. Since the results in the 
2013 survey showed that some KAP indicators are still low, and also due to the migration 
out of and into the intervention areas, risk communication activities need to be continued 
and integrated into routine health activities.  
A limitation of this study was that there were no KAP surveys undertaken in Buu Long 
Ward in 2007 and 2009 as a comparison with the intervention areas. In addition, since 
there have been a few environmental remediation and research activities implemented at 
Bien Hoa dioxin hot spot in the recent years, the local residents may be exposed to some 
general information about dioxin/Agent Orange, which may act as confounding factors. 
Nevertheless, the public health intervention and assessment presented in this paper only 
focus on reducing the risk of dioxin exposure through foods, which was an unique program 
and has never been implemented at this hot spot. The results of this study may provide 
useful evidence to expand the Public Health intervention model to approximately 26 other 
remaining dioxin hot spots in the country.  
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8.0. Abstract 
Severe dioxin contamination at Bien Hoa and Da Nang airbases, Vietnam is of 
international concern. Public Health risk reduction programs were implemented in Bien 
Hoa in 2007-2009 and in Da Nang in 2009-2011. In 2009 and 2011 we reported the 
encouraging results of these interventions in improving the knowledge, attitude and 
practices (KAP) of local residents in reducing the dioxin exposure risk through foods. In 
2013 we revisited these dioxin hot spots, aimed to evaluate whether the results of the 
intervention were maintained and to identify factors affecting the sustainability of the 
programs. To assess this, 16 in-depth interviews, six focus group discussions, and pre and 
post intervention KAP surveys were undertaken. 800 respondents from six intervention 
wards and 200 respondents from Buu Long Ward (the control site) were randomly selected 
to participate in the surveys. The results showed that as of 2013, the programs were rated 
as “moderately sustained” with a score of 3.3 out of 5.0 (cut off points 2.5 - <3.5) for Bien 
Hoa, and “well sustained” with a score of 3.8 out of 5.0 (cut off points 3.5 - <4.5) for Da 
Nang. Most formal intervention program activities had ceased and dioxin risk 
communication activities were no longer integrated into local routine health education 
programs. However, the main outcomes were maintained and were better than that in the 
control ward. Migration, lack of official guidance from City People’s Committees and 
local authorities as well as the politically sensitive nature of dioxin issues were the main 
challenges for the sustainability of the programs. 
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8.1. Introduction 
Between 1962 and 1971, the United States (US) military forces sprayed approximately 
76.9 million litres of herbicides as part of Operation Ranch Hand, including as much as 
366 kg of dioxin over Central and South Vietnam. Agent orange (AO) accounted for much 
of the total chemical sprayed (Stellman et al., 2003). There are currently 28 identified 
potential dioxin hot spots in Vietnam, and two of the most severe hot spots are Bien Hoa 
and Da Nang airbases (U.S. Vietnam Dialogue Group on Agent Orange/Dioxin, 2013). 
These airbases served as bulk storage and supply facilities for AO and other herbicides. 
Extremely high levels of dioxin, especially 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), the most toxic man-made substance, has been reported in soil, sediment, some 
local foods, and human blood at these hot spots (Hatfield Consultants and Office of the 
National Steering Committee 33 MONRE, 2009, 2011; Minh et al., 2008; Schecter A et al., 
2001; Schecter et al., 2003). These included levels in soil samples up to 262,000 ppt TEQ 
(Hatfield Consultants and Office of the National Steering Committee 33 MONRE, 2011) 
and 1,180,737 ppt TEQ (Schecter A et al., 2001) in Bien Hoa Airbase and levels up to 
361,000 ppt in a soil sample in Da Nang Airbase (Hatfield Consultants and Office of the 
National Steering Committee 33 MONRE, 2009). Therefore, people living at these areas 
were at much increased risk of exposure to dioxin in the environment and foods (Schecter 
et al., 2003; T. T. Tuyet Hanh et al., 2010). Public Health intervention programs were 
implemented in two wards surrounding Bien Hoa Airbase, (2007-2009) and four wards 
surrounding Da Nang Airbase (2009-2011), by the Vietnam Public Health Association and 
its provincial partners. The aim was to reduce risk to local people from dioxin exposure 
through the food chain (Tuyet-Hanh  et al., 2013; Vu Anh L, Tuyet Hanh TT, Ngoc Bich 
N, Duc Minh N, & Thanh Ha N, 2010; Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, Duc 
Minh N, Thanh Ha N, et al., 2010). It incorporated three elements: (1) Training for 
members of Provincial Public Health Association, representatives of related stakeholders, 
and collaborators on preventing dioxin exposure through food; (2) Implementation of risk 
communication activities to improve KAP on reducing the risk of dioxin exposure for local 
residents, especially for household food handlers; and (3) policy advocacy in reducing the 
risk of dioxin exposure through foods for local residents (Vu Anh L, Tuyet Hanh TT, Ngoc 
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Bich N, Duc Minh N, & Thanh Ha N, 2010; Vu-Anh et al., 2011). In 2013, we revisited 
the six intervention wards aimed to evaluate whether the intervention programs were still 
being maintained two and a half and five years later, its public health impacts on 
surrounding communities and to explore the factors that may have been affecting the 
sustainability of the programs. We have previously reported encouraging results from this 
intervention strategy (T. Tuyet Hanh et al., 2013; Tuyet-Hanh  et al., 2013; Tuyet-Hanh TT 
et al., 2014). 
8.2. Methods 
8.2.1. The study area 
This research was undertaken at the two most severe dioxin hot spots in Vietnam, Da Nang 
and Bien Hoa airbases and the surrounding areas (Hatfield Consultants and Office of the 
National Steering Committee 33 MONRE, 2009, 2011; Minh et al., 2008; Schecter et al., 
2001). Trung Dung and Tan Phong wards near Bien Hoa Airbase and An Khe, Hoa Khe, 
Chinh Gian and Thanh Khe Tay wards, near Da Nang Airbase were engaged in public 
health interventions (Tuyet-Hanh  et al., 2013; Vu Anh L, Tuyet Hanh TT, Ngoc Bich N, 
Duc Minh N, & Thanh Ha N, 2010; Vu Anh et al., 2011). The KAP survey results in these 
wards in 2013 were compared to the results from both previous surveys and the “control” 
group, Buu Long Ward obtained in the same year. Buu Long Ward was located near newly 
discovered severely dioxin polluted areas in Bien Hoa Airbase (Figure 8.1), had similar 
socio-economic status and to date no public health intervention has been implemented. The 
levels of dioxin in the soil and mud taken from the airbase site close to Buu Long were as 
high as those measured in samples taken near Trung Dung and Tan Phong wards (Hatfield 
Consultants and Office of the National Steering Committee 33 MONRE, 2011). 
8.2.2. Study design and methods 
This study applied mixed methods, with quantitative and qualitative approaches. The 
assessment involved analysis of results from pre-intervention and post-intervention surveys 
previously, together with those of the 2013 survey. Three key categories were included: 
(A) Maintaining the health benefits achieved through the initial program; (B) Continuing 
program activities within an organizational structure; and (C) Long-term capacity building 
in the recipient community (Rizkallah & Bone, 1998). Based on these three key categories, 
a list of 20 indicators proposed by Bamberger and Cheema  (Bamberger & Cheema, 1990) 
and the characteristics of the Public Health intervention programs, a specific list of 12 
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
	  
121 
indicators were developed to assess the sustainability of the programs. Results from the 
KAP survey in 2013 were compared with those in the pre-post intervention, to determine if 
the results of the intervention programs were sustained. Differences between periods or 
localities, were determined using Chi-square test or Pearson’s Chi-square test. The 12 
indicators were scored as the following in order to rate the degree of sustainability: 5 = as 
good as, if not better than post-intervention survey results; 4 = not as good as post-
intervention survey results, but better than pre intervention and control site (Buu Long 
Ward 2013); 3 = not as good as during project period, but similar/equal to the control site; 
2 = worse than during project period and/or the control site; and 1 = much worse than 
during project period and the control site (T. Tuyet Hanh et al., 2009).  
 
 
                                                          
 
  
 
 
 
 
 
  
 
Figure 8.1.  Vietnam map and the studied sites at Bien Hoa and Da Nang airbases 
Sustainability was assessed by calculating a total score that was converted to a mean score 
by dividing by 12. Based on the framework with a five-point rating scale developed by 
Bamberger and Cheema (1 = very poor, 2 = poor, 3 = average, 4 = good, and 5 = very 
good) and a standard “five-interval rating system” proposed by Tuyet-Hanh et al. 2009, the 
degrees of sustainability were rated as the following: 1 - <1.5 = "Regressive", 1.5 - < 2.5 = 
"Not sustained", 2.5 - <3.5 = "Moderately sustained", 3.5 - < 4.5 = "Well Sustained," and 
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4.5 - 5 = "Highly sustained" (Bamberger & Cheema, 1990; Kay et al., 2010; T. Tuyet Hanh 
et al., 2009). In addition, 16 in-depth interviews and six focus group discussions were 
conducted among program staff, collaborators, related local stakeholders to explore the 
three potential groups of factors affecting sustainability.  These included: (1) project design 
and implementation factors, (2) factors within the organizational setting, and (3) factors in 
the broader community environment (Rizkallah & Bone, 1998). The qualitative data was 
analyzed according to these three identified themes. The research protocol was approved 
by the Ethics Committees at the Hanoi School of Public Health (approval number 
139/2012/YTCC/HD3) and the Queensland University of Technology, Australia (approval 
number 1200000572). 
8.3. Results and discussions 
8.3.1. Assessing the programs’ sustainability 
Group A indicators: Maintenance of health benefits achieved through the initial 
program. In 2013, indicator A1, the knowledge of local residents in Bien Hoa regarding 
dioxin, exposure pathways and preventive measures generally remained high. While some 
aspects of the knowledge decreased compared to 2011, overall it was still higher than both 
the 2009 and the control site in 2013 (Tuyet-Hanh TT et al., 2014). This indicator was 
rated 4. In Da Nang, indicator A1 was rated a 5. It was significantly improved after the 
intervention, remained so at two and a half years follow-up and was also higher than 
control site (T. Tuyet Hanh et al., 2013). Indicator A2, the maintenance of attitude toward 
preventing dioxin exposure in Bien Hoa was rated 3 with 69.9% of respondents (2013) and 
89.9% (2009) trusting that preventive measures could reduce exposure risk; 77.9% (2013) 
and 93.6% (2009) were willing to cease consuming their favorite but potentially high risk 
foods; 85.2% (2013) and 89.3% (2009) were willing to purchase low risk foods at higher 
prices. In Da Nang, the results were not as good as post-intervention survey results, but 
better than pre intervention and the control site, with 86% (2013), 86.5% (2011) and 77.3% 
(2009) trusted that preventive measures could reduce exposure risk (χ2 = 19.3, p = 0.01); 
89.5% (2013) and 95.8% (2011) were willing to cease consuming their favorite but 
potentially high risk foods (χ2 = 48, p < 0.001); 87% (2013), 95.1% (2011) and 92.1% 
(2009) were willing to purchase low risk foods at higher prices (χ2 = 35.2, p < 0.001), and 
was rated 4 (Table 8.1).  
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Table 8.1: Summarized assessment of Group A indicators - Maintenance of health 
benefits achieved through the initial program at Bien Hoa and Da Nang dioxin hot 
spots 2013. 
 
Indicators 
Trung Dung, Tan 
Phong (Bien Hoa) 
 
An Khe, Hoa Khe, 
Chinh Gian, Thanh 
Khe Tay (Da Nang) 
Buu Long Ward – 
the control site 
A.1. Knowledge about 
dioxin, exposure 
pathways, high 
risk foods and 
preventive 
measures 
remained elevated,  
some decrease 
lower than in 2009, 
higher than 2007 and 
the control site in 
2013 (Tuyet-Hanh 
TT et al., 2014) 
à rated 4 
significantly 
improved after the 
intervention,  
remained at 2.5 years 
follow-up and higher 
than control site (T. 
Tuyet Hanh et al., 
2013) à rated 5 
8.2% aware dioxin in 
foods; 57.6% did not 
know dioxin in the 
environment; 45.4% 
aware oral as the 
main route. 27.5% 
aware of high risk 
foods. 
A.2. Attitude toward 
prevention 
 
69.9% (2013) and 
89.9% (2009) trusted 
preventive measures 
77.9% (2013) & 
93.6% (2009) willing 
to cease consuming 
high risk foods. 
85,2% (2013) & 
89.3% (2009) willing 
to purchase low risk 
foods at higher prices 
à rated 3 
86% (2013) & 86.5% 
(2011) trusted 
preventive measures. 
89.5% (2013) & 
95.8%(2011) willing 
to cease consuming 
high risk foods. 87% 
(2013) & 95.1% 
(2011) willing to 
purchase low risk 
foods at higher prices 
à rated 4 
57.1% trusted 
preventive measures. 
85.6% willing to 
cease consuming 
favorite- potentially 
high risk foods.       
82.4% willing to 
purchase low risk 
foods at higher prices. 
A.3. % households 
practicing 
preventive 
measures 
48.2%, higher than 
pre and post 
intervention surveys 
(25.8%, 39.7%) and 
the control ward 
(7.7%), but still quite 
low à rated 4 
 69.5%, higher than 
pre and post 
intervention surveys 
(39.6%, 60.4%) and 
the control ward 
(7.7%) à rated 5 
7.7% 
 
A.4. % households 
consume self 
cultivated/raised 
foods at local 
areas 
1.5%, lower than 
2007 (4.3%) & 2009 
(3.5%) and the 
control ward (2%) à 
rated 5 
1.3%, compared with 
2.3% (2009) & 1% 
(2011), lower than the 
control ward 
(2%)àrated 5 
2% 
A.5. Estimated daily 
intake of dioxin 
from foods 
Was reduced 
compared with pre 
intervention and the 
control ward (Tran 
Thi Tuyet-Hanh, 
2014)à rated 5 
Was reduced 
compared with pre 
intervention and the 
control ward (Tran 
Thi Tuyet-Hanh, 
2014)à rated 5 
Dioxin daily intakes 
were not reduced as 
no intervention to 
change risky 
behaviors. 
 Total, out of 25 
 
21 24  
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Five years and two and a half years post intervention, 48.2% and 69.5% of households in 
Bien Hoa and Da Nang still practiced preventive measures (indicator A3), at levels 
significantly higher than pre and post intervention surveys (25.8% and 39.7% in Bien Hoa, 
χ2 = 43.1, p < 0.001; 39.6% and 60.4% in Da Nang, χ2 = 95.6, p < 0.001) and higher than 
the control ward (7.7%, χ2 = 198, p < 0.001). However, the proportion in Bien Hoa was 
still quite low (48.2%) and this indicator was rated 4, while the proportion in Da Nang was 
significantly higher (69.5%) and was rated 5. 
At both areas, the proportions of households consuming self cultivated/raised local foods 
remained very low (1.5% in Bien Hoa and 1.3% in Da Nang), and were lower than the 
proportions in the post intervention survey in Bien Hoa (3.5%), the control site (2%) and 
were not significantly higher than the post intervention result (1%) in Da Nang. This 
indicator (A4) was rated 5 for both sites (Table 8.1). Results from the in-depth interview 
revealed that: “Because the word dioxin itself is very scary, and people would remember it 
for years. So, although the program ended quite long time ago, most people in my ward 
still practice different preventive measures such as do not raise/consume free ranged 
chickens, ducks, do not culture pumpkin and do not fish at local contaminated ponds” (in-
depth interview, ward health staff, Bien Hoa). Similarly, a detailed Environmental Health 
Risk Assessment was undertaken at the same time in 2013 showed that local residents at 
the two hot spots were still practicing measures to reduce their consumption of potentially 
high risk foods and therefore reducing their dioxin daily intakes (Tran Thi Tuyet-Hanh, 
2014). This indicator (A5) was rated 5 for both hot spots.  
Group B indicators: Continued delivery of program activities. As of 2013, the routine risk 
communication activities conducted by the collaborators (indicator B1) in Da Nang and 
Bien Hoa had ceased. Some collaborators recognized the risk for local residents and due to 
their enthusiasm, commitment, and perceived responsibilities, they continued the activities 
whenever appropriate, but not as frequently and on as large a scale. “In our areas, diseases 
such as dengue hemorrhagic fever and hand foot mouth diseases occurred quite frequently. 
However, we considered dioxin risk as a priority as it can cause long term severe health 
impacts for many people, including young ones. So, we think it is important to continue to 
communicating the risk to local residents” (FGD, collaborators, Hoa Khe Ward, Da 
Nang). Despite recognising the importance of continuation of risk communication 
activities, this requires clear direction from the local authorities and has been lacking in 
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recent years. To date in Buu Long Ward, there have been no dioxin risk communication 
activities conducted. Therefore, this indicator (B1) was rated 3 for both sites (Table 8.2).  
Table 8.2: Summarized assessment of Group B indicators - Continued delivery of 
programs’ activities at Bien Hoa and Da Nang dioxin hot spots 2013. 
 
Indicators 
Trung Dung, Tan 
Phong (Bien Hoa) 
 
An Khe, Hoa Khe, 
Chinh Gian, 
Thanh Khe Tay 
(Da Nang) 
Buu Long Ward – 
the control site 
B.1. Continued risk 
communication 
activities of 
collaborators  
Activities ceased, 
only communicate 
when convenient 
à  rated 3 
Activities ceased, 
only communicate 
when convenient à  
rated 3 
No direct risk 
communication 
implemented so far. 
B.2. Continued 
implementation 
of indirect 
communication 
channels  
Indirect risk 
communication  
channels (poster, 
loud speakers, 
pamphlets etc.) 
were ceased à  
rated 2 
Most 
communication 
channels were 
ceased, except 
posters at ward 
health centers à  
rated 3 
Only general 
information but no 
specific risk 
communication on 
preventive measures 
were implemented.  
B.3. Continued 
functioning of 
reporting 
system 
No regular monthly 
meetings and 
record books 
maintained since 
program ceased à  
rated 2 
No regular monthly 
meetings and record 
books maintained 
since program 
ceased à  rated 2 
No regular monthly 
meetings and record 
books for dioxin 
risk communication 
activities 
 Total score out 
of 15 
7 8  
 
In 2013, indirect communication channels (poster, loud speakers, pamphlets etc.) in Bien 
Hoa were ceased and in Da Nang, only posters remained at community health centers. 
Therefore, indicator B2 “Continued implementation of indirect communication channels” 
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was rated 2 for Bien Hoa and 3 for Da Nang. For indicator B3 “Continued functioning of 
reporting system”, the results showed that no regular monthly meetings or record books 
had been maintained since the intervention program ceased, and therefore this indicator 
was rated 2 for both hot spots (Table 8.2). 
Group C Indicators: Long-term capacity building in the recipient community 
Indicator C1, human resource development was rated 5 for both hot spots. It was clear that 
the intervention program provided adequate training for the provincial Public Health 
associations and six program ward health centers. Qualitative results showed that this was 
essential for staff and collaborators to effectively implement risk reduction activities for 
local communities. The indicator C2 “Stability of staff and budget of provincial Public 
Health associations and six ward health centers allocated for risk reduction activities” was 
rated 2 for both sites (Table 8.3).  
After the intervention, no funding or local resources were provided to continue the 
program activities. The change in personnel at local authority organizations was another 
challenge for sustainability. The chairs and deputy chairs of ward people committees were 
normally changed every five years after election, and some staff who were responsible for 
implementation at different levels moved to other areas and did not pass on the tasks to 
new staff. In-depth interview with a representative of deputy chair of Ward People 
Committee in Da Nang revealed: “Oh, I was just promoted to this position recently. I know 
that there were different activities being implemented in our area to reduce the dioxin risk 
exposure, but those were a few years ago”. 
For indicator C3, maintaining diverse, inclusive citizen participation in reducing dioxin 
exposure risk, the assessment in 2013 showed that after the intervention, the involvement 
of local authorities at both hot spots decreased and this was a challenge for sustaining the 
program. In addition, the lack of clear direction from the City People Committee regarding 
the acknowledgement of the dioxin pollution situation and measures to reduce the risk has 
adversely influenced the sustainability of the intervention. Quantitative data from the KAP 
survey and qualitative data showed that in 2013, only householders, not authorities nor 
collaborators maintained their activities, and therefore this indicator was rated 3 for both 
hot spots (Table 8.3). 
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Table 8.3: Summarized assessment of Group C indicators - Long-term capacity 
building in the recipient communities at Bien Hoa and Da Nang 2013. 
C.1. Human 
resource 
development  
Adequate training 
and supports for 
related stakeholders 
and collaborators 
à  rated 5 
Adequate training 
and supports for 
related stakeholders 
and collaborators 
à  rated 5 
No training 
provided  for health 
staff and 
collaborators so far. 
C.2. Maintaining 
budget 
allocated for 
risk reduction 
activities 
No budget was 
mobilized and 
available after 
program ceased à  
rated 2 
No budget was 
mobilized and 
available after 
program ceased à  
rated 2 
No budget available 
for dioxin risk 
communication. 
C.3. Maintaining 
diverse citizen 
participation in 
dioxin risk 
reduction  
Only householders, 
but not authorities 
nor collaborators 
maintaining their 
activities à  rated 
3 
Only householders, 
but not authorities 
nor collaborators 
maintaining their 
activities à  rated 
3 
No participation of 
local residents, 
authorities or health 
staff in dioxin risk 
reduction activities. 
C.4. Maintaining 
leadership base 
for dioxin risk 
reduction  
Leadership base 
was not maintained 
after project 
completion à  
rated 2 
Leadership base 
was maintained at 
provincial Public 
Health level, not at 
ward levelàrated 
3 
No leadership base 
was formed for 
dioxin risk 
reduction activities 
at this ward 
 Total score out 
of 20 
12 13  
 
In Bien Hoa, five years post intervention, indicator C4, the leadership base was not 
maintained while in Da Nang, leadership base was maintained only at Provincial Public 
Health Association level, not at ward level after the program ceased. Although not 
providing regular technical support and supervision at the two hot spots since the program 
ceased, Vietnam Public Health Association did provide technical support when problems 
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arise. “Vietnam Public Health Association provided timely technical supports and 
provided press release responding to sensitive and critical dioxin/Agent Orange issues 
arise in Da Nang in the recent years” (in-depth interview- representative of Da Nang 
Public Health Association). Therefore, the indicator C4 was rated 2 for Bien Hoa and 3 for 
Da Nang (Table 3). The total score for Bien Hoa was 40 and for Da Nang was 45 for the 
12 indicators with an average for Bien Hoa of 3.3 and Da Nang of 3.8. According to the 
standard “five-interval rating system” (Kay et al., 2010; T. Tuyet Hanh et al., 2009), the 
intervention program at Bien Hoa was rated “moderately sustained” and for Da Nang was 
rated “well sustained”. The difference in the time period since program ceased (five years 
for Bien Hoa and two and a half years for Da Nang) may be a factor affecting this result. 
8.3.2 Exploring factors affecting program sustainability 
Program design and implementation factors 
Prior to the Public Health intervention in 2007, most attention had been and continues to be 
directed toward environmental testing and providing health care and financial support for 
Agent Orange victims. Several small scale pilot remediation projects were also 
implemented inside the airbases. Neither local authorities nor residents were aware of the 
risk of exposure to dioxin from the consumption of locally produced high risk foods 
(Tuyet-Hanh  et al., 2013). These public health intervention programs were developed for 
the benefit of the local people, applied methods that were appropriate to local conditions, 
and responded to an important public health challenge at the hot spots. As stated in an in-
depth interview with a local authority: “I must say the intervention to improve the 
knowledge and practices of local residents was very practical, meaningful and easy to be 
implemented at the community level…” (in-depth interview, representative, Bien Hoa City 
Department of Health).  
Thus, the tailored formulation of the program including detailed assessment of the local 
situation and consultation with related stakeholders, orientation toward the beneficiaries, 
technical appropriateness, combined with a socially and culturally acceptable delivery 
created favorable conditions that ensured the success and sustainability. “I think improving 
awareness on the dioxin risk was a very practical approach with long term impact. The 
approach was easily implemented at households and community level, were well accepted 
by the local residents and easily mobilized the local resources” (in-depth interview- 
representative of Bien Hoa Department of Health).  
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Factors within the organizational setting 
The capacity of organisations to implement dioxin risk communication activities were 
established and strengthened through training courses, technical support and supervision. 
As shown in an in-depth interview: “With the technical support from Vietnam Public 
Health Association and Hanoi School of Public Health, our capacities and local ward 
health centers have significantly strengthened through trainings, workshops and direct 
supervision, which I think have contributed to reduce the risk of exposure for local 
residents” (in-depth interview, representative of Da Nang Public Health Association). In 
addition, the financial support from the Ford Foundation and strong commitment of related 
stakeholders was another factor that supported the success of the program.    
Factors in the broader community environment 
Factors that may have discouraged local collaborators in continuing the implementation of 
risk communication activities were the sensitive political-social-economic-health aspects 
of the dioxin issue and the lack of adequate support and clear direction from local 
authorities. The collaborators suggested the important role of the City People Committee 
and Party in guiding and directing the integration of communication activities into 
monthly/quarterly meetings of community and social organizations, to enhance 
sustainability. As revealed in an in-depth interview with a ward health staff in Bien Hoa: “I 
have been living here for decades, and I see lots of people giving births to abnormal 
babies, I have seen people dying from cancers at their early ages, I understand the deadly 
effects of dioxin, so keep telling my neighbors. But only personal communication, you 
know, not organize local meetings to communicate like before…” (in-depth interview, 
female ward health staff, Bien Hoa).  
An interview with a representative of a ward people committee showed that one 
challenging issue for the local authorities in enforcing strict bans on fishing and other high 
risk behaviors was that: “Currently, we heard that our area is polluted with dioxin because 
you see, we are so close to the airbase, but there is no official paper from the upper level 
send to us regarding the specific dioxin levels for different areas in our ward as well as 
specific actions need to be undertaken. So we just provide general recommendations and 
the health staff and collaborators just implement risk communications in general in the 
recent years. We can not enforce strict bans” (deputy chair of a ward people committee in 
Da Nang).  
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A discussion with local collaborators revealed that since local residents at these wards are 
now aware of the risk of consuming locally caught fish and have ceased fishing in these 
ponds and canals. This decrease in fishing combined with the release of fish into 
waterways on special days of the year as it is believed to bring the family luck, may result 
in an increase in fish densities in local water bodies. Although local residents at 
intervention wards now do not fish at these water bodies, this remains a high risk for 
people from other districts without local knowledge of dioxin contamination who may still 
fish there. During the food sampling stage, while taking fish samples surrounding Da Nang 
Airbase for dioxin analysis, researchers accidently encountered three young men from 
another district who used a simple net to catch approximately five kg of fish within few 
minutes at a polluted canal connected to the airbase. 
The collaborators offered a reason for not receiving official guidance from the local 
authorities on responding to the dioxin challenge: “The City People Committee and local 
leaders should clearly and officially state that this area is polluted with dioxin, the airbase 
is a severe dioxin hot spot. But you know, they don’t want this, because it relates to many 
issues, it may affect the local economy, the investment, the tourism and so on. So, they may 
think of the benefits of certain groups of people and not pay enough attention on the health 
of the local residents” (FGD, collaborators, Da Nang). In addition, the rapid urbanization 
and migration observed in the recent years also pose another challenge for sustainability.  
Adequate knowledge on current risk regarding dioxin exposure of program staff and 
householders could be a factor that enhances sustainability. KAP survey results showed 
that in 2013, 69.4% of respondents in Bien Hoa and 70.9% in Da Nang were aware that the 
local areas inside and surrounding the airbases were polluted with dioxin. These were 
significantly higher than those in the pre intervention surveys (44.2% and 44.7% in Bien 
Hoa and Da Nang, respectively, χ2  =90.3, p <0.001), and that reported in Buu Long Ward 
in 2013 (34.9%, χ2  =95.5, p <0.001). Since there remained substantial public awareness of 
the dioxin pollution situation in local areas, and the words “dioxin/Agent Orange” still 
evoke a strong emotional reaction of severe health impacts such as birth defects and 
cancers, people were willing to continue practicing preventive measures. As revealed in an 
in-depth interview with a ward health centre in Bien Hoa: “There are many cancer cases 
in our area, and you know, many died quite young; and children nowadays are born with 
severe birth defects. When people hear the word dioxin, they are already scared” (in-depth 
interview, female ward health staff, Bien Hoa).  
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Another factor that may have supported sustainability was the high acceptance level by the 
local residents and the feeling of program ownership among local authorities, health staff 
and collaborators. As stated by a representative of Da Nang Public Health Association 
“There have been a number of environmental testing research in our area, but this was the 
first time we had an intervention program to reduce the risk of exposure for local 
residents. So, I think it responded to practical needs and was well accepted by the 
community. The collaborators felt it were their responsibilities to reduce the risks for their 
families and local people” (in-depth interview, representative of Da Nang PHA). 
8.4. Conclusion 
The results from KAP surveys and qualitative assessment showed that as of 2013, the 
Public Health intervention programs were rated as “moderately sustained” with the score 
of 3.3 out of 5.0 for Bien Hoa and “well sustained” with the score of 3.8 out of 5.0 for Da 
Nang. Most program activities had ceased, funding was not available for continuing the 
intervention and dioxin risk communication activities were not integrated into local routine 
health education programs. However, the main outcomes of the intervention programs 
generally remained and were better when compared to the control ward. Various factors 
might have been influencing the program sustainability and therefore one needs to explore 
different aspects in order to understand the comprehensive picture. Among these, 
migration, the lack of clear and official guidance from City People Committee and local 
authorities as well as the sensitive nature of dioxin issues were the main challenges for the 
sustainability of the program. The results of this assessment should be considered when 
developing risk reduction interventions for the other remaining dioxin hot spots in the 
country.	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CHAPTER 9. DISCUSSION AND CONCLUSIONS 
9.1. Concentrations of dioxin/furans in food samples collected at the hot spots 
Previous studies have reported elevated concentrations of dioxins and dioxin like chemicals 
dioxinlike chemicals in certain foods in local areas surrounding the two airbases (Hatfield 
Consultants and Office of the National Steering Committee 33 MONRE, 2009, 2011; Schecter 
et al., 2003; Thu et al., 2014). However, these studies had a limited number of samples (e.g. 16 
food samples in the study by Schecter et al. 2003) and/or focused on few types of foods e.g. 
free range chickens in Bien Hoa in the study by Thu et al. 2014. The current study involved a 
more comprehensive assessment of the levels of dioxin in foods at Bien Hoa and Da Nang hot 
spots. As described in Chapter 5, elevated levels of dioxin/furans were reported in potentially 
‘high risk’ local foods, including free range chicken meat (4.6 pg/g TEQ to 95 pg/g TEQ), 
fresh water fish (14.4 pg/g TEQ to 86.6 pg/g TEQ), fresh water snail (53.6 pg/g TEQ), free 
range duck meat (8.2 pg/g TEQ to 19.6 pg/g TEQ), free range chicken eggs (7.3 pg/g TEQ to 
29.7 pg/g TEQ), free range duck eggs (15.7 pg/g TEQ) and beef (3.8 pg/g TEQ to 24.6 pg/g 
TEQ). These concentrations were much higher than the maximum levels (WHO-PCDD/F-
TEQ) set by the EC in the Regulation No. 199/2006, which were 3 pg/g fat for bovine animal, 
2 pg/g fat for poultry, 1 pg/g fat for pig and 4,0 pg/g fresh weight for fish (The Commission of 
the European Communities, 2006). Other foods including caged chicken, duck meat and eggs, 
pork meat, leafy vegetables, fruits, rice, seafoods bought at local markets but originated from 
other areas, had much lower dioxin levels, which ranged from 0.04 to 6.1 pg/g TEQ.  
9.2. The health risks of dioxin exposure among local residents 
Previous studies clearly showed that local residents who live in precincts surrounding these 
two dioxin hot spots were at risk of exposure to dioxin in the environment and foods (Schecter 
et al., 2003; T. T. Tuyet Hanh et al., 2010). However, no study has estimated the overall daily 
intake of dioxin from commonly consumed foods. The results of this study showed that the 
total concentrations of dioxin/furans in local free range chicken meat and eggs, duck meat and 
eggs, freshwater fish, snail and beef samples were very high (from 3.8 pg TEQ/g to 95 pg 
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TEQ/g), while caged chicken meat and eggs, seafood, pork, leafy vegetables, fruits, and rice 
had much lower levels (0.03 pg TEQ/g to 6.1 pg TEQ/g). Estimated daily intake of dioxin 
from consumption of ‘low risk’ foods ranged from 3.2 pg TEQ/kg bw/day to 6.2 pg TEQ/kg 
bw/day in Bien Hoa and 1.2 pg TEQ/kg bw/day to 4.3 pg TEQ/kg bw/day in Da Nang. 
Consumption of local high risk foods would vastly increase estimated daily intakes to between 
60.4 pg TEQ/kg bw/day to 102.8 pg TEQ/kg bw/day in Bien Hoa and 27.0 pg TEQ/kg bw/day 
to 148.0 pg TEQ/kg bw/day in Da Nang. These estimated intakes are far above the WHO 
recommended tolerable daily intake level of 1-4 pg TEQ/kg bw/day (World Health 
Organization, 1998). As such, residents consuming these ‘high risk’ local foods were at a 
substantially elevated risk of adverse health effects. This finding has practical implications for 
informing risk management of dioxin at the two hot spots. In addition, these estimates show 
that practicing appropriate preventive measures to inform local residents of exposure risk can 
substantially reduce the risks for the local residents. 
9.3. The knowledge, attitude and practices of local residents 2.5  and five years 
post interventions 
9.3.1. Knowledge, attitude and practices of local residents in Da Nang 
The present study showed that the knowledge of respondents in Da Nang were maintained 
and/or improved at 2.5 years follow-up. Aside from the presence of dioxin attached to 
suspended particles in water, more people were aware of dioxin in the environment. The 
proportion of participants who were aware of the main route of dioxin exposure through food 
consumption in 2013 was 84.1%, lower than the post intervention survey (90.6%), but still 
slightly higher than of the pre-intervention survey (79%; χ2 = 17.6, p < 0.001). The proportion 
of respondents aware of potentially high risk foods and measures to reduce the risk of dioxin 
exposure, increased compared to the pre and post intervention surveys. In contrast,  respondent 
knowledge regarding animal fat, viscera, eggs and breast milk remained low and did not 
change significantly compared to the pre and post intervention surveys.   
A recent study showed that estimated daily intake-TEQ of dioxin from breast milk for local 
children in the vicinity of Da Nang is reportedly much higher than the tolerable daily intake 
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proposed by WHO (Hue NTM et al., 2014). During the implementation of the Public Health 
intervention program at the two hot spots, no secondary data was available for assessing the 
health risk related to dioxin in the breast milk, so risk communication activities did not focus 
on this aspect of prevention. Therefore, future risk communication activities should have a 
greater emphasis on raising awareness of local residents on these potentially high-risk foods, 
especially the breast milk of the mothers who have been living at the two hot spots for many 
years and consuming the potentially high risk foods grown/raised/harvested locally. The rate 
of exclusive breastfeeding for children under six months during the period 2008-2012 was 
17% (Unicef, 2013). Mothers who see themselves at risk should discard their milk between 
breastfeeding times, especially during the first few weeks after giving birth, to help reduce the 
amount of dioxin in the milk being transferred to their babies.  
The results presented in chapters 5, 6 and 7 showed that there were no significant differences 
in attitude toward preventing dioxin exposure across surveys; most respondents had positive 
attitude in all three surveys. An increase in households (69.5%) undertaking measures to 
prevent exposure was observed in the latest survey, compared to the pre-intervention (39.6%) 
and post- intervention (60.4%) (χ2 = 95.6; p < 0.001) surveys. The proportion of the 
respondents practicing appropriate preventive measures was also significantly improved 
compared with the pre- and post-intervention surveys. In 2013, potentially high-risk foods 
such as freshwater fish, chicken and duck eggs and pumpkin had quite low rates of daily 
consumption (<= 2.5%) and were significantly lower than those of the pre-intervention survey. 
The weekly consumption frequencies of some potentially ‘high-risk’ foods in 2013 were 
slightly higher than those in the post-intervention survey. However, the consumption 
frequencies still decreased compared to those in the pre-intervention survey. Thus while the 
consumption frequencies were  decreased compared to those recorded in the pre-intervention 
survey, they were not maintained. However, the risk communication activities did help to 
change the practices of local people thereby reducing the risk of exposure to dioxin for 
themselves and their families. 
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9.3.2. Knowledge, attitude and practices of local residents in Bien Hoa 
In Bien Hoa, the knowledge of respondents in Trung Dung and Tan Phong wards on 
dioxin and the prevention of dioxin exposure generally remained elevated at five years follow-
up. While some indicators decreased compared to those in the post intervention survey in 
2011, they were still higher than those in the pre-intervention survey and in the control ward, 
Buu Long in 2013. The proportion of participants in Trung Dung and Tan Phong wards aware 
of the main route of dioxin exposure through food consumption in 2013 were 77.5% and 
84.1%, significantly higher than the rates in the pre-intervention survey (49% and 71.3%; p < 
0.001) and also significantly higher than that in the control ward- Buu Long in 2013 (45.4%, 
χ2 = 78.6; p < 0.001). The knowledge of respondents in Trung Dung and Tan Phong wards 
regarding potentially high-risk foods and practical ways to reduce the risks of dioxin exposure 
through foods changed significantly compared to the pre and post intervention surveys, and 
was higher than those reported in Buu Long Ward in 2013. However, some proportions still 
remained quite low. One of the reason might be the risk communicators focused on the most 
high risk foods such as fresh water fish, while paid less attention on other potentially high risk 
foods such as free range chicken and eggs, viscera etc. These results suggest that future 
communication activities should have a greater focus on raising awareness of local residents in 
all the three studied wards regarding potentially high-risk foods. Futhermore, since Buu Long 
Ward is located close to the airbase, with a similar level of dioxin pollution in the 
environment, futurure intervention programs should consider this ward as a priority. 
In 2013, the proportion of respondents with positive atittude towards prevention decreased 
compared with pre and post intervention surveys, especially in Tan Phong Ward. However, the 
proportions were still generally higher than those observed in Buu Long Ward. Environmental 
remediation efforts inside the Bien Hoa Airbase and communication activities regarding this 
aspect might lead people to incorrectly perceive that the risk is completely managed when in 
fact it is not. Regarding practice, 48.2% of households undertook measures to prevent 
exposure, higher than those in pre and post intervention surveys (25.8% and 39.7%) and the 
control ward (7.7%). The proportion of respondents in Trung Dung Ward who practiced 
measures to reduce the risks of dioxin exposure increased significantly from 11.3% (2007) to 
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46.7% (2009) and 59.5% (2013) (χ2=94.8, P < 0.001). However, the proportion in Tan Phong 
Ward remained similar over the three survey periods (37.2%, 35.8%, and 36.6%, respectively; 
χ2=0.11, P = 0.95). Thus, the intervention implemented at Trung Dung Ward was more 
effective in changing practice toward dioxin prevention than that observed in Tan Phong. Field 
observation showed that the area of agricultural land in Tan Phong was larger than in Trung 
Dung, and the number of households in Tan Phong that cultivate vegetables and raise poultry 
at medium and large scales for commercial purpose was quite large. While in Trung Dung,  
households mostly raise poultry and growing vegetables on a small scale and it may therefore, 
may be easier to change their practices. Future efforts should be aimed at improving the 
knowledge, attitude and practice of local residents living surrounding the Bien Hoa dioxin hot 
spot, with the following order of priority: Buu Long, Tan Phong and Trung Dung wards. 
 
9.4. Overall sustainability of the Public Health intervention programs at the hot spots 
The sustainability of the programs implemented in Bien Hoa and Da Nang after five and 2.5 
years of intervention were evaluated based on 12 criteria and benchmarked against results 
from Buu Long Ward in 2013. According to the quantitative and qualitative data collected in 
2013, the programs were rated as “moderately sustained” with the average score of 3.3 out of 
5.0 for Bien Hoa, and “well sustained” with the average score of 3.8 out of 5.0 for Da Nang. 
Most program activities had ceased and dioxin risk communication activities were not 
integrated into local routine health education programs. However, the main sustainability 
outcomes generally remained at 2.5 and five years post intervention, and were better than 
those observed in the control ward.  
Factors supporting the sustainability of the intervention programs at the two hot spots 
included: realistic program formulation based on detailed assessment of the situation and 
consultation with related stakeholders, with beneficiary orientation, technical appropriateness, 
socially and culturally acceptable; adequate capacity of the implementing organizations, the 
knowledge of program’s staff and householders at the six studied wards; and the high 
acceptance level by the local residents and the feeling of program ownership among local 
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authorities, health staff and collaborators. In addition, the words “dioxin/Agent orange” were 
prominent in public awareness and still evoked a strong emotional reaction related to severe 
health consequences meaning that people were willing to continue practicing preventive 
measures. However, migration, lack of clear and official guidance from the City People 
Committee and local authorities, increase in fish density at local ponds as well as the sensitive 
nature of dioxin issues were the main challenges to sustainability. 
In the past few decades, Vietnam has received substantial support from international donors 
and organizations to implement intervention programs as a developing country, to tackle 
various public health and environmental health challenges. The sustainability of these 
interventions should be routinely assessed to provide scientifically rigourous evidence for the 
policy makers, leaders and researchers in designing and implementing other interventions in 
the future. Assessment of the sustainability of a community based intervention to control 
dengue hemorrhagic fever in Vietnam (Kay et al., 2010; T. Tuyet Hanh et al., 2009) has been 
previously undertaken and this and the present study are the first among very few studies to 
assess the sustainability of public health intervention programs implemented in Vietnam. The 
framework and the lists of indicators developed in this study and the previous study by the 
candidate (T. Tuyet Hanh et al., 2009) are useful and can be adapted for the sustainability 
assessment of other public health intervention in Vietnam and other countries. 
9.5. Study limitations and strengths of this research  
While it is gobally recognised that there is extensive residual dioxin contamination in hotspot 
areas in Vietnam, a limitation of this study was that, despite the sample size for household 
survey being quite large (n=1000 households), the sample size for food samples analyzed was 
limited to 46 pooled samples due to the expense of analysis. However, these pooled samples 
were formed from hundreds of individual samples and provided a good representation of 
exposure in food throughout the region. Increased funding would allow a larger sample size 
and would confirm the dioxin concentrations in commonly consumed foods and the levels of 
dioxin intakes among local residents. Detailed survey on levels of food intakes for all 
commonly consumed foods specifically for the two hot spots would provide a more accurate 
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measure of exposure assessment than the data taken from National food consumption 
frequency survey. 
Despite these limitations, and the range of studies previously exploring the dioxin/Agent 
Orange issues at Bien Hoa and Da Nang dioxin hot spots, we believe that this is currently the 
most comprehensive study to assess the dioxin in common foods and the associated health 
risks of exposure under different scenarios at the hot spots. The results provide scientific 
evidence to inform dioxin risk management programs at the remaining dioxin hot spots in the 
country. The study assured the local residents that any potentially adverse health effects from 
exposure can be significantly reduced if they follow the recommended safe practices. The 
results also warn local residents and related stakeholders about the extremely high risk 
associated with consuming locally potentially ‘high risk’ foods. This is one of the few studies 
to provide local people with a mean of avoiding exposure by making realtively straightforward 
alterations to reduce risk. The mixed of qualitative and quantitative methods applied in this 
study were also shown to be effective in exploring the different aspects of a comprehensive 
model of program sustainability. The work presented in this thesis also contributes to the 
international scientific literature on the environmental health risk assessment of dioxin in 
foods and assessing the sustainability of public health intervention programs. 
9.6. Future perspectives 
The results in this study showed that local residents who consume local foods would have 
their dioxin daily intakes far in excess of the tolerable daily intake level recommended by 
WHO and other orgnizations. By practicing appropriate preventive measures, the risks for 
local residents could be significantly reduced to tolerable levels. Although several remediation 
projects are currently being implemented at Bien Hoa and Da Nang airbases, these are 
extremely costly (e.g. the current Da Nang Airport Remediation Project costing $84 million 
USD) (USAID Vietnam, 2014) and will only treat the dioxin contaminated soil and sediment 
inside the two airbases. In the past four decades, dioxin pollution has already expanded to 
areas surrounding the airbases. The risk reduction programs have resulted in positive 
outcomes over the longer-term, with many knowledge and attitude measures remaining stable 
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or improving. However, it should be emphasized that the problem has not been solved entirely 
and that continuing communication is essential to ensure long term sustainability.  
Therefore, in the coming years, local residents should be encouraged to stop consuming local 
high risk foods, including free range chicken meat and eggs, duck meat and eggs, freshwater 
fish, snail and locally raised beef in order to reduce their dioxin daily intakes to below the 
recommended tolerable daily intake level by WHO (1-4 pg/kgbw/day). Direct and indirect 
communication activities implemented by Vietnam Public Health Association and its 
provincial partners in recent years should be continued and integrated into local routine health 
programs. In addition, it should be stressed in risk communication messages that although 
several environmental remediation projects are currently occurring, these do not help to reduce 
the current levels of dioxin in the environment surrounding the two airbases. Therefore, local 
residents should maintain their positive attitudes toward implementing preventive measures to 
reduce their risks of exposure. Regulations against culturing, harvesting, consuming and 
selling high-risk foods in the dioxin-polluted areas in Da Nang and Bien Hoa dioxin hot spots 
should also be developed and implemented as soon as possible. This is of particular 
importance because residents surrounding the two airbases, especially at Buu Long Ward 
(Bien Hoa City) continue to undertake ‘high risk’ activities (e.g. catching fish, prawns, crabs 
and raising free range chickens, ducks, cows and buffalos) and these areas have not yet 
participated in risk communication programs. As such, additional guidance and support from 
the Provincial/City People Committee is needed at the two hot spots. 
In addition to the high risk foods analyzed in this study, new scientific data published in 2014 
also show a high risk of being exposed to dioxin in the breast milk for infants of mothers 
living surrounding Bien Hoa and Da Nang airbases (Hue NTM et al., 2014). While future 
public health risk communication programs should include discussion of breastfeeding, it 
should be remembered that the WHO recommends that exclusive breast milk is the best for 
infants under six months old. Therefore, any recommendation for use formula over breast milk 
should be carefully considered. Applying an Ecohealth approach (Ecosystem approach to 
health) (Charron, 2012) can also be a good option by involving a transdisciplinary approach to 
analyzing the multifaceted dioxin exposure pathways through animal produce, environmental 
contamination, food and maternal exposures and in reducing the risk of dioxin exposure for 
the local communities and new born babies as well as in ensuring the program sustainability. 
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In summary, this study demonstrated that the implementation of a Public Health intervention 
program is a highly cost effective way to reduce and manage the health risk due to dioxin in 
foods for local people living in precincts surrounding dioxin hotspots in Vietnam.  The results 
of this study can be expanded to other problems and exposures and can be used to 
systematically evaluate the success of interventions programs thereby determining where 
precious public health money should best be spent. 
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APPENDIX 1. INFORMATION SHEETS 
A. INFORMATION SHEET FOR IN-DEPTH INTERVIEW PARTICIPANTS 
 
 
THE QUEENSLAND UNIVERSITY OF TECHNOLOGY 
SCHOOL OF PUPLIC HEALTH 
Research project: Dioxin exposure risk assessment and the sustainability of public health 
interventions at dioxin hot spots in Vietnam 
INFORMATION SHEET FOR IN-DEPTH INTERVIEW PARTICIPANTS 
I am Hanh, a PhD student undertaking a Doctorate program at the Queensland University of 
Technology (Australia). I am currently undertaking the research on “Dioxin exposure risk 
assessment and the sustainability of public health interventions at severe dioxin hot spots in 
Vietnam”. This research has been approved by the Ethics Committee of School of Public 
Health, the Queensland University of Technology, and Hanoi School of Public Health. 
The purposes of the study are to:  
1. To assess the environmental health risk of dioxin exposure for local residents 
living in Bien Hoa and Da Nang dioxin hot spots. 
2. To assess the sustainability of the Public Health Intervention Programs 
implemented in Da Nang and in Bien Hoa dioxin hot spots after 2.5 and five 
years of completion, respectively. 
3. To identify factors affecting the program’s sustainability implemented in Da 
Nang and Bien Hoa dioxin hot spots. 
Your participation in this in-depth interview will provide information on the sustainability of 
the program and about the factors affecting its sustainability. The results of the study will 
suggest recommendations for future sustainable implementation of dioxin risk reduction 
programs, thus reducing the risk of dioxin exposure for the community. 
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The in-depth interview will be approximately 45-60 minutes. During the interview, I would 
like to record all the conversations. All information provided by you will not be discussed or 
shown to any other people, and will only accessible to the research team. All original data 
obtained will be coded and kept in secured place. You have the right to decide whether to 
participate in this interview, and this does not cause any harm if you do not participate. In 
addition, you can withdraw from the interview at any time without any consequence to 
yourself. 
If you would like further information about this study or have any questions, please contact me 
via the telephone numbers and/or e-mail addresses listed below and I will be happy to answer. 
- Ms. Tran Thi Tuyet Hanh: (04-38460145 Or mobile: 0912955078). E-mail: 
trantuyethanh78@yahoo.com 
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B. INFORMATION SHEET FOCUS GROUP DISCUSSION PARTICIPANTS 
 
THE QUEENSLAND UNIVERSITY OF TECHNOLOGY 
SCHOOL OF PUPLIC HEALTH 
Research project: Dioxin exposure risk assessment and the sustainability of public health 
interventions at dioxin hot spots in Vietnam 
INFORMATION SHEET FOR FOCUS GROUP DISCUSSION PARTICIPANTS 
I am Hanh, a PhD student undertaking a Doctorate program at the Queensland University of 
Technology (Australia). I am currently undertaking the research on “Dioxin exposure risk 
assessment and the sustainability of public health interventions at dioxin hot spots in 
Vietnam”. This research has been approved by the Ethics Committee of School of Public 
Health, the Queensland University of Technology, and Hanoi School of Public Health. 
The purposes of the study are to: 
1. To assess the environmental health risk of dioxin exposure for local residents 
living in Bien Hoa and Da Nang dioxin hot spots. 
2. To assess the sustainability of the Public Health Intervention Programs 
implemented in Da Nang and in Bien Hoa dioxin hot spots after 2.5 and five 
years of completion, respectively. 
3. To identify factors affecting the program’s sustainability implemented in Da 
Nang and Bien Hoa dioxin hot spots. 
Your participation in this focus group discussion will provide information on the 
sustainability of the program and about the factors affecting its sustainability. The results of 
the study will suggest recommendations for future sustainable implementation of dioxin risk 
reduction programs, thus reducing the risk of dioxin exposure for the community. 
The focus group discussion will be approximately one hour. During the discussion, I would 
like to record all the conversations and take some photos. All information provided by you 
will not be discussed or shown to any other people, and will only accessible to the research 
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team. All original data obtained will be coded and kept in secured place. You have the right to 
decide whether to participate in this discussion, and this does not cause any harm if you do not 
participate. In addition, you can withdraw from the discussion at any time without any 
consequence to yourself. 
If you would like further information about this study or have any questions, please contact me 
via the telephone numbers and/or e-mail addresses listed below and I will be happy to answer. 
- Ms. Tran Thi Tuyet Hanh: (04-38460145 Or mobile: 0912955078). E-mail: 
trantuyethanh78@yahoo.com 
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APPENDIX 2. CONSENT FORMS 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
– Interview – 
Dioxin exposure risk assessment and the sustainability of public health interventions at dioxin hot spots in 
Vietnam. 
QUT Ethics Approval Number 1200000572 
RESEARCH TEAM  
Principal 
Researcher: 
Ms Tran Thi Tuyet Hanh, PhD student at School of Clinical Science, Faculty of Health, QUT 
Lecturer at Hanoi School of Public Health, Vietnam 
Supervisors: Dr Fiona Harden, Director of Research, School of Clinical Sciences, Faculty of Health, QUT 
Prof Michael Dunne, School of Public Health & Social Work, Faculty of Health, QUT 
Dr Leisa Toms, Postdoctoral Research Fellow, School of Clinical Sciences, Faculty of Health, 
QUT 
Prof Le Vu Anh, MD, PhD Dean, Hanoi School of Public Health, Hanoi, Vietnam 
Dr Thomas Tenkate, Ryerson University, Ontario, Canada 
DESCRIPTION 
This project is being undertaken as part of a PhD study for Ms. Tran Thi Tuyet Hanh at Queensland 
University of Technology (QUT).  The purpose of this project is to assess environmental health risk due to 
dioxin exposure through foods and the public health interventions at Da Nang and Bien Hoa dioxin hot 
spots after 3 and 5 years since programs ceased. This research will contribute knowledge about 
environmental health risk assessment of dioxin in foods and assessing program sustainability at dioxin hot 
spots in Vietnam.  
One component of this study involves interviewing related stakeholders to explore the risk of dioxin 
exposure in food among local residents living in Bien Hoa and the sustainability of the public health 
interventions implemented. You are invited to participate in this project because you involved in the Public 
Health Intervention Program implemented in Bien Hoa/ Da Nang dioxin hot spots to reduce the risk of 
dioxin exposure through foods for local residents. 
PARTICIPATION 
Your participation in this project is entirely voluntary. If you do agree to participate you can withdraw from 
the project at any time without comment or penalty. Any identifiable information already obtained from you 
will be destroyed. Your decision to participate or not participate will in no way impact upon your current or 
future relationship with QUT or Hanoi School of Public Health, Vietnam Public Health Association and its 
provincial branches in Bien Hoa and Da Nang. 
Participation will involve an in-depth interview that will take approximately 45 – 60 minutes of your time. 
Questions will ask for your opinion on different activities of the intervention program as well as the 
knowledge, attitude and practices of local residents regarding the risk of dioxin exposure through foods.  If 
you agree to participate you do not have to answer any question(s) that you are uncomfortable answering. 
EXPECTED BENEFITS 
It is expected that this project may not directly benefit you. It, however, will benefit local residents living at 
dioxin hot spots in Vietnam in reducing the risks of being exposed to dioxin in foods. To recognise your 
contribution should you choose to participate, the research team is offering you a small incentive of 
approximately 100,000 VND.. 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this project. 
PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially.  The names and personal information of 
individual persons will not be shown in any reports or publications. Any data collected and audio recordings 
as part of this project will be stored securely as per QUT’s Management of research data policy. Only researchers 
have access to audio recordings. The project is funded by the Dioxin Laboratory in Vietnam, the Australian 
Development Scholarship, QUT, the NCCR-North South Program, and they will not have access to the data 
obtained during the project. Please note that non-identifiable data collected in this project may be used as 
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comparative data in future projects. 
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact one of the research team members 
below. 
Ms Tran Thi Tuyet Hanh, PhD student Dr Fiona Harden 
School of Clinical Science, Faculty of Health School of Clinical Science, Faculty of Health 
+84-912 955 078 t63.tran@student.qut.edu.au 61 402 251 031 fiona.harden@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do 
have any concerns or complaints about the ethical conduct of the project you may contact the QUT 
Research Ethics Unit on +61 7 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research Ethics 
Unit is not connected with the research project and can facilitate a resolution to your concern in an impartial 
manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
 
RESEARCH TEAM CONTACTS 
Ms Tran Thi Tuyet Hanh,  
+84-9 129 55 078 t63.tran@student.qut.edu.au 
Dr Leisa Toms, Postdoctoral Research Fellow 
+61-0407 694 647 leisamaree.toms@qut.edu.au 
  
Dr Fiona Harden 
+61-402 251 031 fiona.harden@qut.edu.au 
Prof Le Vu Anh, MD., PhD, Dean 
+84-913 226 746 lva@hsph.edu.vn 
  
Prof Michael Dunne 
+61-404 008 990 / +61-731383928  
m.dunne@qut.edu.au 
Dr Thomas Tenkate, Ryerson University, Ontario, Canada 
 t.tenkate@qut.edu.au 
 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
• Have read and understood the information document regarding this project. 
• Have had any questions answered to your satisfaction. 
• Understand that if you have any additional questions you can contact the research team. 
• Understand that you are free to withdraw at any time, without comment or penalty. 
• Understand that you can contact the Research Ethics Unit on +61 7 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
• Understand that non-identifiable data collected in this project may be used as comparative data in 
future projects. 
• Agree to participate in the project. 
Please tick the relevant box below: 
 I agree for the interview to be audio recorded. 
 I do not agree for the interview to be audio recorded. 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
– Focus group – 
Dioxin exposure risk assessment and the sustainability of public health interventions at dioxin hot spots in Vietnam. 
QUT Ethics Approval Number 1200000572 
RESEARCH TEAM  
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Principal 
Researcher: 
Ms Tran Thi Tuyet Hanh, PhD student at School of Clinical Science, Faculty of Health, QUT 
Lecturer at Hanoi School of Public Health, Vietnam 
Spervisors: Dr Fiona Harden, Director of Research, School of Clinical Sciences, Faculty of Health, QUT 
Prof Michael Dunne, School of Public Health & Social Work, Faculty of Health, QUT 
Dr Leisa Toms, Postdoctoral Research Fellow, School of Clinical Sciences, Faculty of Health, QUT 
Prof Le Vu Anh, MD, PhD Dean, Hanoi School of Public Health, Hanoi, Vietnam 
Dr Thomas Tenkate, Ryerson University, Ontario, Canada 
DESCRIPTION 
This project is being undertaken as part of a PhD study for Ms. Tran Thi Tuyet Hanh at Queensland 
University of Technology (QUT). The purpose of this project is to assess environmental health risk due to 
dioxin exposure through foods and the sustainability of the public health interventions at Da Nang and Bien 
Hoa dioxin hot spots after 3 and 5 years since programs ceased. This research will contribute knowledge 
about environmental health risk assessment of dioxin in foods and assessing program sustainability at 
dioxin hot spots in Vietnam.  
One component of this study involves interviewing and organizing focus group discussions with related 
stakeholders to explore the risk of dioxin exposure through foods for local residents and the sustainability of 
the public health interventions. You are invited to participate in this project because you were collaborators 
of the Public Health Intervention Program implemented at your wards to reduce the risk of dioxin exposure 
through foods for local residents. 
PARTICIPATION 
Your participation in this project is entirely voluntary. If you do agree to participate you can withdraw from 
the project at any time without comment or penalty. Any identifiable information already obtained from you 
will be destroyed. Your decision to participate or not participate will in no way impact upon your current or 
future relationship with QUT or with Hanoi School of Public Health, Vietnam Public Health Association 
and its provincial branches in Bien Hoa and Da Nang. 
Participation will involve completing a focus group discussion at commune health center or other agreed 
location that will take approximately –-90 minutes of your time. Questions will ask for your opinion on 
different activities of the intervention program as well as the knowledge, attitude and practices of local 
residents regarding the risk of dioxin exposure through foods. If you agree to participate you do not have to 
answer any question(s) that you are uncomfortable answering. 
EXPECTED BENEFITS 
It is expected that this project will directly benefit you. It may also benefit your family members and other 
local residents living at other dioxin hot spots in Vietnam in reducing the risks of being exposed to dioxin in 
foods. To recognise your contribution should you choose to participate, the research team is offering you a 
small incentive of approximately 50,000 VND. 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this project. 
PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially.  The names and personal information of 
individual persons will not be shown in any reports or publications. Any data collected and audio recordings 
as part of this project will be stored securely as per QUT’s Management of research data policy. Only researchers 
have access to audio recordings. The project is funded by the Dioxin Laboratory in Vietnam, the Australian 
Development Scholarship, The Queensland University of Technology, the NCCR- North South Program, and 
they will not have access to the data obtained during the project. Please note that non-identifiable data collected in 
this project may be used as comparative data in future projects. 
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact one of the research team members 
below. 
Ms Tran Thi Tuyet Hanh, PhD student Dr Fiona Harden 
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School of Clinical Science, Faculty of Health School of Clinical Science, Faculty of Health 
+84-912955078 t63.tran@student.qut.edu.au +61402 251 031 fiona.harden@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do 
have any concerns or complaints about the ethical conduct of the project you may contact the QUT 
Research Ethics Unit on +61 7 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research Ethics 
Unit is not connected with the research project and can facilitate a resolution to your concern in an impartial 
manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
 
RESEARCH TEAM CONTACTS 
Ms Tran Thi Tuyet Hanh,  
+84-9 129 55 078 t63.tran@student.qut.edu.au 
Dr Leisa Toms, Postdoctoral Research Fellow 
+61-0407 694 647 leisamaree.toms@qut.edu.au 
  
Dr Fiona Harden 
+61-402 251 031 fiona.harden@qut.edu.au 
Prof Le Vu Anh, MD., PhD, Dean 
+84-913 226 746 lva@hsph.edu.vn 
  
Prof Michael Dunne 
+61-404 008 990 / +61-731383928  m.dunne@qut.edu.au 
Dr Thomas Tenkate, Ryerson University, Ontario, Canada 
 t.tenkate@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
• Have read and understood the information document regarding this project. 
• Have had any questions answered to your satisfaction. 
• Understand that if you have any additional questions you can contact the research team. 
• Understand that you are free to withdraw at any time, without comment or penalty. 
• Understand that you can contact the Research Ethics Unit on +61 7 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
• Understand that non-identifiable data collected in this project may be used as comparative data in 
future projects. 
• Agree to participate in the project. 
Please tick the relevant box below: 
 I agree for the focus group to be audio recorded. 
 I do not agree for the focus group to be audio recorded. 
 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
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APPENDIX 3. IN-DEPTH INTERVIEW GUIDELINES 
 
 
THE QUEENSLAND UNIVERSITY OF TECHNOLOGY 
SCHOOL OF PUPLIC HEALTH 
INTERVIEWEEs: 
Program’s Director, Representative of VPHA, program’s coordinator at VPHA, Dong Nai and 
Da Nang PPHAs’ representatives, program coordinators at provincial level, Heads of Program 
ward health centers, heads of program ward people committee. 
Dioxin hot spot:     o Bien Hoa (Dong Nai Province)           o   Da Nang        
OBJECTIVE 
To explore the opinions of program’s coordinator and staff at different levels and 
representatives of related organizations about different aspects of the program’s sustainability 
and exploring factors that may have been influencing the program’s sustainability.  
Code: ……………..           File name:  
Interviewee’s  name:  
Working organization: ……………………………………………. 
Position: …………………………………………………………... 
Role in this program: ……………………………………………... 
Office telephone……………………………… Mobile Phone ………………………………… 
Email (if have): ……………………………………………. 
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Date: ………/……./2013    Location: ……………………………………………. 
Starting time: ………   Ending time: ……… 
Interviewer’s name: Tran Thi Tuyet Hanh 
Secretary’s name: ……………………………………………. 
Required tasks before implementing in-depth interviews 
1. Interviewer introduces some information about herself: name, job, interests etc. 
2. Explains objectives and nature of the interview, reasons that interviewee is selected 
for interview, and importance of his/her participation 
3. Informs interviewee about confidentiality of information and identification in 
announcing results.  
4. Tells interviewee thatthere are no right or wrong answers and encourage 
interviewee to share his/her opinions and experiences.  
5. Tells interviewee that he/she can ask again if not clear about any questions or can 
refuse to answer any questions that he/she thinks not appropriate.  
6. Asks interviewee’s permission for recording the interview and explains reasons.  
 
CONTENT OF THE INTERVIEWS 
I. PROGRAM’S DIRECTOR, VPHA’S REPRESENTATIVE 
1. Who were the key stakeholders in designing the intervention programs at Bien Hoa 
and Da Nang? 
2. What were your roles and inputs in designing the program? 
3. What were your motivations to be involved in this program? 
4. Why was Dong Nai and Da Nang chosen as a partner in designing and implementing 
program? Strengths and weaknesses? 
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5. Why were Dong Nai and Da Nang chosen to start the Program? 
6. What were your/VPHA roles and inputs in implementing the program? 
7. What were your/VPHA roles and inputs in evaluatingthe program? 
8. How did you/VPHA coordinate with Dong Nai and Da Nang PPHAs and other 
stakeholders during designing, implementing, and evaluating phases?  
9. Any constraints that you/VPHA faced during designing and implementing the 
program? 
10. In your opinion, what is a sustained program? 
11. What aspects of sustainability have you addressed in this program? 
12. Why was public health approach used as a measure to reduce the risk of dioxin 
exposure through foods for local residents rather than other alternatives?  
13. Measures you/VPHA have been used to ensure the continued and expansion of 
program after the funding is ceased? 
14. How do you think about the possibility of integrating this program into the National 
Program? Such as Food safety program, Water and Sanitation Program etc. (Probes: 
possible complementary or conflicts) 
15. In your opinion, what aspects of this program are successful? What aspects should be 
improved? And in what ways? 
II. PROGRAM’S COORDINATOR, VPHA 
1. What is current risk of dioxin exposure in Vietnam? 
2. What strategies has VPHA been implementing to reduce the risk of dioxin exposure? 
3. What was your role in designing and implementing the intervention program? 
4. Why Bien Hoa and Da Nang were chosen to start the Program? 
5. Can you describe some successful aspects of using public health approach to reduce 
the risk of dioxin exposure. (Prompts: practical values, technical appropriateness, 
community acceptance, ecological soundness, cost-effectiveness etc.)  
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6. How did the successful outcomes of the program wards expand to other wards?  
7. Can you briefly describe the reporting system the programs implemented at Bien Hoa 
and Da Nang? 
8. What do you think about the capacity and role of the ward health stations in 
implementing activities to reduce the risk of dioxin exposure for local residents? 
9. How do you think about the coordination between VPHA, Dong Nai and Da Nang 
PPHAs, 6 program ward health centers, and collaborators? 
10. Can you tell us about the long-term support from the Ford Foundation in the effort to 
reduce the risk of dioxin exposure for people at hot spots? 
11. Is there any potential for using Public Health Approach as a method to reduce the risk 
of dioxin exposure through foods at the remaining dioxin hot spots in Vietnam? 
12. Is this approach overlapped by other approaches currently implemented at hot spots? 
13. What are the anticipated difficulties in applying this approach at the remaining hot 
spots?  
IV. DIRECTORs OF DONG NAI AND DA NANG PPHAs 
1. Your involvement in designing and implementing the Public Health Intervention 
Program implemented in four wards in Da Nang/two wards in Bien Hoa dioxin hot 
spots? 
2. Can you describe some successful outcomes from using public health approach in 
addressing the risk of dioxin exposure though foods (Prompts: practical values, 
technical appropriateness, community acceptance, ecological soundness, cost-
effectiveness etc.)  
3. What do you think about the capacity and role of the PPHAs and PWHCs in reducing 
the risk of dioxin exposure for local residents? 
4. How do you think about the coordination between VPHA, PPHAs, PWHCs, and 
collaborators during the program implementation and since program ended: 2009 (for 
Bien Hoa), 2011 (for Da Nang)? 
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
 
	  
	  
165 
5. Can you tell us about the reporting system of the program during its implementation? 
6. Can you tell us about the support from VPHA during and after the program 
implementation in your province/city? 
7. What about the supports from local government for the program? 
8. In your opinion, what are the major problems and constraints in implementing and 
expanding this program to other dioxin hot spots? 
9. Your suggestions to implement this public health intervention program in a more 
effective way? 
 
VI. HEADS OF SIX PROGRAM WARD HEALTH CENTERS  
1. How do people in the ward perceive the risk associated with dioxin in food? 
2. Can you describe some of the activities you/your center have conducted to reduce the 
risk of dioxin exposure for local residents during program implementation (2006-2008 
in Bien Hoa and 2009-2011 in Da Nang) and since the program ended? 
3. How do you involve households in the ward to practices measures to reduce their risks 
of dioxin exposure? 
4. How do people in your ward reduce their risks of exposing to dioxin in foods? 
5. Have you held any health promotion program in the ward on dioxin and measures to 
reduce the risk of dioxin exposure through foods? When? What did the program 
include? Who involved? 
6. Do you have regular meetings with PPHAs and collaborators regarding this program? 
7. What were some of the barriers to gain participation from the community in this 
program? 
8. Have people in your ward continued to practice different measures to reduce the risk of 
dioxin exposure since the intervention program ended? What activities have ceased 
and the reasons why? 
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9. What about the supports from local government in terms of political support and 
providing available resources for the program? 
VIII. CHAIRMAN OF SIX WARD PEOPLE’S COMMITTEE  
1 What was your role in implementing the Public Health intervention program to reduce 
the risk of dioxin exposure through foods for local people at your ward? 
2 How do you perceive the risk associated with dioxin in foods at your ward? 
3 How do people in your ward reduce their risks of being exposed to dioxin? 
4 Have you involved in any activities to reduce the risk of dioxin exposure for local 
residents? 
5 What were some of the barriers to gain active participation of the community in the 
public health intervention program? 
6 What supports the local authority have provided to the  Public Health intervention 
program to reduce the risk of dioxin exposure through foods at your ward during 
program implementation (2006-2008 in Bien Hoa and 2009-2011 in Da Nang) and 
since the program ended? 
7 Since the intervention program ceased in 2008 (Bien Hoa)/2011 (Da Nang), are there 
any activities being continued to reduce the risk of dioxin exposure for local residents? 
What activities have ceased and the reason why? 
8 Given the current situation of dioxin pollution, does ward people’s committee see the 
risk of exposing to dioxin in food as a public health priority? 
9 What supports (if any) is the ward people’s committee continuing to contribute to 
reduce the risk of dioxin exposure through foods at your ward, and why?  
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APPENDIX 4. FOCUS GROUP DISCUSSION GUIDELINE 
 
THE QUEENSLAND UNIVERSITY OF TECHNOLOGY 
SCHOOL OF PUPLIC HEALTH 
Prior to commencing the FGD, introduce the researcher and research aim and topic; making 
acquaintance with the participants and obtain verbal consent and permission for tape 
recording the discussion. 
PARTICIPANTS: Collaborators at program wards               
Ward: …………………………        o Bien Hoa (Dong Nai)        o   Da Nang        
OBJECTIVE 
To explore the collaborators’ opinions about different aspects of the sustainability of the 
Public Health Intervention Program to reduce the risk of dioxin exposure through foods for 
local residents at Bien Hoa/Da Nang, and exploring factors that may have been influencing the 
program’s sustainability.  
Code: ……………..           File name:  
FGD participants: 
……………………………………………                     …………………………………………… 
……………………………………………                     …………………………………………… 
……………………………………………                     …………………………………………… 
……………………………………………                     …………………………………………… 
Date: ………/……./2013                  Location: ……………………………………………. 
Starting time: ………                         Ending time: ……… 
Researcher: Tran Thi Tuyet Hanh 
Secretary’s name: ……………………………………………. 
Required tasks before implementing focus group discussion 
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1. Researcher introduces some information about herself: name, job, PhD study at the 
Queensland University of Technology, this study, and her interests etc. 
2. Explains objectives and nature of the discussion, reasons that the participants were 
selected for the focus group discussion, and importance of their participations. 
3. Informs the participants about confidentiality of information and identification in 
announcing results.  
4. Tells the participants thatthere are no right or wrong answers and encourage them 
to involve in active discussion to share their opinions and experiences about 
activities to reduce the risk of dioxin exposure for local residents in their areas.  
5. Informs the participants that they can ask again if not clear about any questions or 
can refuse to discuss any questions that they think not appropriate.  
6. Asks participants permission for recording the group discussion, taking photos and 
explains the reasons for these.  
FOCUS GROUP DISCUSSION GUIDE 
1. Can you tell us what dioxin means to you? (Probe: what is dioxin, where does dioxin 
come from, where does dioxin present in the environment, how does dioxin get into 
human body, what are the health effects due to dioxin exposure, what are the measures to 
reduce the risk of dioxin exposure through foods etc.) 
2. How do you perceive the dioxin problem in your ward? (Prompts: causes, 
damages/severity in relation to other public health problems, control measures…) 
3. Can you describe your role in relation to dioxin risk reduction efforts in your ward? 
(Probes: Was there particular role you took? What particular activities have you been 
participating?) 
4. Could you tell us about the activities that have been taking place in your ward that aim to 
reduce the risk of dioxin exposure for local residents? (Probes: Are there any activities 
that are specific to your ward? Are regular activities meant to take place throughout the 
year, or at specific times? Is there a focus on any particular aspect of dioxin risk 
reduction?) 
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5. What are the options people in your ward use to reduce their risks of being exposed to 
dioxin?  
6. How did you learn about the public health approach and risk communication in reducing 
the risk of dioxin exposure for local residents? 
7. How did you organize the communication activities in your ward? 
8. Do you think the activities have been carried out were sufficient in reducing the risk of 
dioxin exposure? 
9. Are there anything or barriers that stop you from communicating information in dioxin 
and measures to prevent dioxin exposure through foods to the people in your ward? 
(Prompt: time? Money? Knowledge? Beliefs? Community acceptance; Probe: Why?) 
10. What other activities had you been implementing during the program and since the 
program ended? What activities ceased and why? 
11. How did you get involvement of households in implementing measures to prevent their 
exposure to dioxin? Any difficulties you have been facing? (Prompts: during the program 
implementation and since program ceased) 
12. How did you cooperate with ward health centers, local government, PPHA, and 
community on health promotion and education related to dioxin risk reduction? 
13. What about the supervision, supports and feedback you received from ward health center 
and PPHA in implementing the intervention program to reduce the risk of dioxin exposure 
at your ward? 
14. How did you report to ward health center on program’s activities during program’s 
implementation phase and since program ended? (Prompts: information reported, how 
often.) 
15. In your opinion, given the current situation of dioxin risk in your ward, should any 
preventive activities be continued? Which one? And why? 
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APPENDIX 5. KAP SURVEY QUESTIONAIRS 
A. KAP SURVEY QUESTIONAIRE AT PROGRAM WARDS, BIEN HOA AND DA 
NANG CITIES 2013 – 5 AND 2.5 YEARS AFTER PROGRAM’S CEASED 
 QUEENSLAND UNIVERSITY OF TECHNOLOGY  VIETNAM PUBLIC HEALTH ASSOCIATION 
HOUSEHOLD KNOWLEDGE, ATTITUDE AND PRACTICE (KAP) SURVEY 
QUESTIONAIRS 
A. KAP SURVEY QUESTIONAIRE AT PROGRAM WARDS, BIEN HOA AND DA NANG 
CITIES 2013 – FIVE AND THREE YEARS AFTER PROGRAM’S CEASED 
 
City 1. DANANG                                                2. BIEN HOA 
Ward 1. An Khe 2. Hoa Khe 3. Thanh Khe Tay 4. Chinh Gian 
 5. Trung Dung 6. Tan Phong   
Group ………... ………... ………... ………... 
Household No. ……….. (Surveyors don’t need to write this) 
Full name of 
household’s 
representative 
 
……………………………………………………………. 
(If replace household in the list of selected households à  specify: 
Full name of household being replaced: …………………………… 
Address: …………………...........………………………….................. 
Reason for replacement:………………………………………………) 
Name of interviewee  
Date of survey ............/............/2013 
Data collector  
Supervisor  
- Data collector introduces some information about himself/herself (name, organization...) 
- Introduces briefly about this study and questionnaire 
 
 
 
 
 
CONSENT TO PARTICIPATE 
 
Please sign here as an indication of your consent to participate in this project. 
 
 
............................................ 
Note to data collectors 
This survey aims to collect information related to the knowledge, attitude and practices of local residents 
living at four wards near Da Nang Airbase and two wards near Bien Hoa Airbase on purchasing and 
preparing safe foods. Your participation in this survey will provide information to assess the sustainability 
of the Public health intervention programs implemented at these wards in reducing the risk of dioxin 
exposure for local residents. The interview will take approximately 30 munites. All information provided 
by you will not be discussed or shown to any other people, and will only be accessible to the research team. 
All original data obtained w ll be c ded and kept in secured place. You have the right to decide whether to 
participate in this survey, and this does not cause any harm if you do not participate. In addition, you can 
withdraw from this interview at any time without any consequence. 
If you would like further information about this study or have any questions, please contact the principle 
researcher: Ms. Tran Thi Tuyet Hanh: (04-8460145; mobile: 0912955078). E-mail: 
trantuyethanh78@yahoo.com. Or please contact Mr. Ton That Thanh, MD. Da Nang Public Health 
Association, 315 Phan Chu Trinh – Da Nang City or Mr. Tran Huu Hau MD. Dong Nai Public Health 
Association, Bien Hoa City. 
Code	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1.  Do not show the questionaire to the participants, do not help participants answering questions 
(except questions being noted that data collectors can suggest different answering options for the 
questions). Please circle 1 option only for each question, except questions being specified otherwise.  
2. Criteria for selecting interviewees: 
• Selecting households: according to the list of selected households in the ward 
• Selecting interviewees: Persons in charge of purchasing and/or preparing foods for the 
selected families, aged 16-60, and capable of answering questions. 
 
3. Replacement of participants: In the following circumstances, surveyors choose a house next to the 
selected house (on the right when facing from the gate to the house) for replacement: 
- The selected house just moved to live at the surveyed wards since 6/2010 (Da 
Nang) or since 2009 (Bien Hoa) until the time of this survey. 
- Visit the selected house twice, but can not meet the participant 
- The participant refuses to take part in the interview 
- There is no one in the selected household aged from 18 to 60, or there are people 
within this age group, but unable to answer the survey questions. 
- Selected house already moved to other areas or the house still there, but the household 
already moved out and new ones just moved in any time since 6/2010 (Da Nang) or since 
2009 (Bien Hoa) until the time of this survey. 
- The selected house is for renting 
- The selected household has a housemaid who is responsible for buying and/or 
purchasing foods. 
 (In case there is no replacement house on the right of the selected house in the list, then surveyor just 
randomly select a house, which is closest to the originally selected house) 
4. Questions written in bold à  surveyor asking item by item to make sure asking questions 
correctly and do not miss any items. 
 
5. In households with 1 person that is mainly responsible for purchasing foods and another person 
mainly responsible for cooking food, then interview the person who is responsible for purchasing foods 
as the 1st priority.  
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PART I. GENERAL INFORMATION 
(If respondents do not understand questions, surveyor can explain the questions to the respondents) 
NO. QUESTIONS ANSWERS CODE MOVE 
Q101 Gender of participant 
(Data collector observes and 
circle) 
Male  1  
Female 2 
Q102 How old are you? (according to 
solar calendar) 
………..  years   
Q103 What is your highest education 
level?  
Illiterate 1  
Primary 2 
Secondary 3 
High school and higher 4 
Other (please specify)……… 
……….………...……………... 
88 
Q104 What is your current occupation? 
 
Governmental staff   1  
worker 2 
Trader 3 
Housewife/house-husband 4 
Retired 5 
Farmer/gardener 6 
Other (please specify)……… 
……….………...……………... 
88 
Q105 How many people in your 
household? 
(Household: including people 
living together in the same house 
and having meals together in the 
past three months) 
………..….people 
 
In which, children under 5:..... 
 
  
Q106 How long have you been living in 
this ward? 
 
…………….year  If < 3 
years (Da 
Nang) or < 
5 years 
(Bien 
Hoa)àend 
the 
interview 
Q107 What was your household 
average monthly income in 2012  
(including foods and products 
that your household 
produced…)? (estimated) 
………………….VND/month 
 
  
Q108 What is your householdaverage 
monthly expense on foods?  
(including foods your 
householdgrow/raise converted 
to money) 
..........................  VND   
Q109 Does your household have the Car 1  
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NO. QUESTIONS ANSWERS CODE MOVE 
following?  
(Asking item by item, combining 
with observation in the house) 
(Can circle multiple options)  
Motorbike 2 
Fridge/washing machine 3 
Television 4 
VCD, DVD player 5 
Radio, cassette 6 
Other items > 5 million VND 7 
Q110 In the past three years (Da 
Nang)/ past 5 years (Bien Hoa), 
has your 
householdcultivated/raised any 
foods? 
Yes    1  
No    2 àQ112 
Q111 If yes, please list type of foods 
that your household has 
cultivated/raised in the past 
three years (Da Nang)/ past 5 
years (Bien Hoa)? (read item by 
item and tick X in the 
corresponding cell) 
Purposes(May be mark X for  multiple choices) 
Eat  
 
Sell 
 
 
Other (please specify) 
 
Estimated 
annual 
yield (kg) 
111.1 Vegetables     
111.2 Fruits, roots (cucumber, potatoes, 
bean, etc.) 
    
111.2a Carrot     
111.2b Pumpkin     
111.3 Fruit trees (e.g. banana, coconut, 
grapefruit, papaya…) 
    
111.4 Buffalo, cow     
111.5 Pig     
111.6 Chicken     
111.7 Duck, wild goose     
111.8  Fresh water fish, crab, shrimp     
111.9 Other (please specify)……...     
 
Q112 Do you normally contact with 
local soil/mud during your 
current work? 
Yes    1  
No  2 àPART 
II 
Q113 If yes, what personal protective 
equipment do you commonly use 
when come into direct contact 
with soil/mud? 
(Can circle multiple options) 
Mask 1  
Glove 2  
Shoes/ boots 3  
Other (please specify)……… 
……….………...……………... 
Don’t use any personal protective 
equipment 
88 
 
 
99 
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PART II. KNOWLEDGE ABOUT DIOXIN, HEALTH EFFECTS AND MEASURES 
TO PREVENT DIOXIN EXPOSURE 
(Surveyors only read the questions, not the options for answers, except noted otherwise) 
NO. QUESTIONS ANSWERS CODE MOVE 
Q201 In your opinion, where does dioxin 
present in the environment? 
(Can circle multiple options) 
Water   1  
Soil/mud 2  
Food 3  
Air 4  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q202 Could you tell me how dioxin in the 
environment can get into the human 
body?  
(Can circle multiple options) 
Through skin 1  
Inhalation 2  
Oral: through foods and drink 3  
Breast milk 4  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q203 In your opinion, exposing to dioxin can 
lead to what  health effects ?  
(Can circle multiple options) 
Cancer    1  
Chloracnes  2  
Infertility 3  
Spontaneous abortion 4  
Birth defects 5  
Neurological effects 6  
Diabetes type 2 7  
High blood pressure 8  
No effect 10  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q204 In your opinion, is your ward polluted 
with dioxin? 
Yes 1  
No    2 àQ206 
Don’t know 99 àQ206 
Q205 If  yes, what is the level of pollution at 
your ward? 
Minor    1  
Average 2  
Serious 3  
Don’t know 99  
Q206 In your opinion, are we exposed to 
dioxin if we eat dioxin contaminated 
foods?  
 
Yes  1  
No 2 àQ208 
Don’t know 99 àQ208 
Q207 If yes, are we likely exposed to dioxin 
in what types of foods? 
(Can circle multiple options) 
Vegetables 1  
Fruits and roots 2  
Animal lean meat 3  
Animal fat 4  
Animal viscera 5  
  
EHRA of dioxin in foods & the sustainability of public health interventions at dioxin hot spots 
	  
 
	  
	  
175 
NO. QUESTIONS ANSWERS CODE MOVE 
Fresh water fish, crab, shrimp, 
snail 
6  
Seafood  7  
Eggs, milk 8  
Water 9  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
 
99 
 
Q208 In your opinion, what are potentially 
high risk foods if being 
cultivated/raised in dioxin polluted 
areas? 
(Can circle multiple options) 
Vegetable    1  
Fruits, roots 2  
Animal lean meat 3  
Animal fat 4  
Animal viscera 5  
Fresh water fish, crab, shrimp, 
snail 
6  
Seafood 7  
Eggs, milk 8  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q209 In your opinion, if the mother is 
exposed to dioxin, is her child at risk of 
being exposed to dioxin through breast 
feeding? 
Yes    1  
No 2  
Don’t know 99  
Q210 What measures do you think can help 
to reduce the risk of dioxin exposure 
through foods? 
(Can circle multiple options) 
 
Wash vegetables thoroughly 1  
Cook food thoroughly 2  
Cut off animal fat    3  
Consume less local fresh water 
fish, shrimp, crab 
4  
Consume less local eggs, milk 
products 
5  
Take off breast milk between 
feeding times in the first few 
months after birth    
6  
Other (please specify)……… 
……….………...…………….. 
88  
Don’t know    99  
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PART III. ATTITUDE TOWARD REDUCING THE RISK OF DIOXIN EXPOSURE 
THROUGH FOODS 
(If the participants do not understand the questions, the surveyors can read the options for participants 
to choose the most appropriate answers) 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q301 Do you believe that there 
are measures to reduce the 
risk of dioxin exposure for 
local residents? 
Believe 1  
Don’t believe 2 àQ 303 
Don’t know 99  
Q302 If being consulted with 
measures to reduce your 
risk of being exposed to 
dioxin in food, are you 
ready to apply  
Yes   1  
No 2  
Depends 3  
Don’t know 99  
Q303 If some of your favorite 
foods are at high risk of 
being contaminated with 
dioxin, are you ready to 
quit? 
Yes    1  
May be 
No 
2 
3 
 
Don’t know 99  
Q304 Are you ready to pay 
more for safer food?  
Yes   1 àQ 304.1 
May be 2 àQ 304.1 
No   3 àPART IV 
Don’t know 99 àPART IV 
Q304.1 If yes, or may be, how 
much are you willing to 
pay more for safe food per 
day? 
< 5,000 VND/day 1  
 
 
5000 to <10,000 VND/day 2 
10,000 to < 15,000 VND/day 3 
15,000 to <20,000 VND/day 4 
20,000 to < 50,000 VND/day 5 
>= 50,000 VND/day 6 
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PART IV. PRACTICE TOWARD REDUCING THE RISK OF DIOXIN EXPOSURE 
THROUGH FOODS 
Note: this section includes questions about CURRENT practices of the participants (2013). The 
results will be compared with the results of the pre and post intervention surveys. 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q401 What is the current main 
source of water that your 
household use for 
drinking purpose? 
Rain water   1  
Pipe water    2 àQ403 
Dig well    3  
Drill well    4  
Lake, river… 5  
Other (please specify)……… 
……….………...…………….. 
88  
Q402 What types of water 
treatment does your 
household apply before 
use? 
No treatment   1  
Sand filtration 2  
Filtration jar 3  
Coagulation 4  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q403 What are the sources of 
foods your household 
commonly consume 
daily? 
(Can circle multiple 
options)  
Self cultivated/raised   1  
Purchased at markets 
Purchased at supermarket    
2 
3 
 
Other (please specify)……… 
……….………...……………… 
88  
Don’t know    99  
Q404 Normally, do you know 
the sources of foods 
(vegetable, fish, meat, 
rice …) you consumed 
daily? 
Yes     1  
Know some 
Other (please specify)………..  
..................................................  
2 
88 
 
Don’t know 99  
Q406 What aspect do you 
concern most when 
purchasing foods? 
(If participants don’t 
understand questionà  
surveyor mentions these 
options for participants 
to choose 1 option) 
Cheap    1  
Delicious 2  
Healthy 3  
Fresh/safe/clean 4  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q407 Normally when you 
purchase foods, do you 
care the sources where 
foods were 
cultivated/raised? 
 
Yes 1  
No 2  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q408 In the last three 
years(Da Nang)/ past 5 
Yes   1  
No   2 àPART V 
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NO. QUESTIONS ANSWERS CODE MOVE 
years (Bien Hoa), has 
your household been 
applying any measure to 
reduce the risk of dioxin 
exposure through foods? 
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
àPART V 
àPART V 
Q409 If yes, what has your 
household been doing in 
the last three years(Da 
Nang)/ past 5 years 
(Bien Hoa)to reduce the 
risk of dioxin exposure? 
(Can circle multiple 
options) 
Not purchasing foods of unclear 
origin 
1  
Consume less fat and viscera 2  
Consume less locally cultured 
fresh water fish, shrimp, crab… 
3  
Consume less locally cultivated 
pumpkin, carrot, lotus shoot 
4  
Consume less poultry raised 
locally 
5  
Filter water before use 6  
Use personal protective 
equipment when contact with 
soil/mud 
7  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
 
99 
 
 
 
PART V. INFORMATION AND COMMUNICATION SOURCES 
(If participants do not understand the questions, surveyor can mention the options listed) 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q501 In the past three years 
(Da Nang)/ past 5 years 
(Bien Hoa),have you 
read/ hear/ watched any 
information about 
dioxin, its health effects, 
and measures to reduce 
the risk of dioxin 
exposure through foods? 
Yes 1  
No 2 àQ505 
 
Don’t know/Don’t pay attention 99 àQ505 
Q502 If yes, then in the past 
three years (Da Nang)/ 
past 5 years (Bien Hoa) 
where were the sources of 
information that you 
received? 
(Can circle multiple 
options) 
(Note: only focus on 
information about 
dioxin, its health effect, 
National television channels 1  
Local television channels 2  
National radio channel 3  
Local radio channel 4  
Ward loud speaker 5  
Community meetings 6  
Newspaper/magazine 7  
Panels/posters 8  
Pamphlets 9  
Health staff/collaborator 10  
Women Union 11  
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NO. QUESTIONS ANSWERS CODE MOVE 
and measure to reduce 
the risk of dioxin 
exposure through foods) 
Poster stuck on the wall 12  
Other (please specify)…….……………… 
……………….…………...……………... 
88  
Don’t know 99  
Q503 
 
What specific information 
about dioxin have you 
received in the past three 
years (Da Nang)/ past 5 
years (Bien Hoa)? 
(Can circle multiple 
options) 
 
Health effects of dioxin 1 
 
Dioxin pollution in the local areas 2 
Risk of exposing to dioxin in foods 3 
Measures to reduce the risk of dioxin exposure 
through foods 
4 
Agent Orange victims and the law suit with US 5 
Dioxin remediation at Da Nang Airport 6 
Other (please specify)……………..……… 
…………………….………...……………... 
88 
Don’t know/Don’t remember 99 
Q504 What was your most 
favorite communication 
channel about dioxin? 
(Circle 1 option only) 
National television channels 1  
Local television channels 2  
National radio channel 3  
Local radio channel 4  
Ward loud speaker 5  
Community meetings 6  
Newspaper/magazine 7  
Panels/posters 8  
Pamphlets 9  
Health staff/collaborator 10  
Women Union 11  
Farmer Union 12  
Other (please specify).................................. 
………………………...……….................... 
 
13 
 
Don’t know 99  
Q505 Was your household 
provided with a poster on 
measures to prevent 
dioxin exposure through 
food to be stuck on wall? 
Yes 1  
No  2 àQ508 
Don’t know 99 àQ508 
Q506 Did you stick the poster 
on your house/kitchen’s 
wall? 
Yes 1  
No  2 àQ508 
Don’t know 99 àQ508 
Q507 Is the poster still stuck in 
your house/kitchen’s 
wall? 
(Cross check by 
observation) 
Yes 
No 
1 
2 
  
Q508 In the past three years, 
any health 
Yes 
No 
1 
2 
àPART 
VI 
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NO. QUESTIONS ANSWERS CODE MOVE 
staff/communicator 
came to your house to 
communicate about 
measures to prevent 
dioxin exposure? 
Don’t know 99 àPART 
VI 
Q509 If yes, what do you think 
about his/her 
communication skills and 
information presented? 
Good/easy to understand 
Average 
Poor/difficult to understand 
Don’t know 
 
1 
2 
3 
99 
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PART VI. FOOD CONSUMTION FREQUENCY  
Note: Only ask the common meals. Do not ask special events like New Year, birthday, wedding … 
Surveyor may instruct and calculate together with the respondents in order to have the best estimate 
of amounts of foods consumed. 
 
NO. Could you please tell me amount of each type of food your 
household consumes daily, weekly, monthly? 
 
 
Unit 
 
Number 
per meal 
 
Convert 
to g per 
meal for 
the 
househo
ld 
Type of foods Daily 
 
(number 
of meals) 
Weekly 
 
(number 
of meals) 
Monthly 
 
(number 
of meals) 
Rarely/ 
never eat 
(Mark X) 
Q601 Water morning glory     Bunch   
Q602 Mustard green     Bunch   
Q603 Katuk     Bunch   
Q604 Pumpkin leaves and flowers     Bunch   
Q605 Pumpkin fruits     Whole 
pumpkin 
  
Q606 Lotus shoot     Bunch   
Q607 Chicken egg      Eggs   
Q608 Duck egg     Eggs   
Q609 Beef, buffalo meat     100g   
Q610 Duck and wild goose meat     100g   
Q611 Chicken     100g   
Q612 Lean pork meat      100g   
Q613 Pork fat     100g   
Q614 Fat and lean pork meat      100g   
Q615 Oil/fat     100g   
Q616 Animal viscera     100g   
Q617 Fresh water fish     100g   
Q618 Fresh water shrimps     100g   
Q619 Fresh water crabs     100g   
Q620 Fresh water snails     100g   
Q621 Seafood     100g   
Note:  
Food consumed DAILY means that the household consumes the food at least once a day 
Food consumed WEEKLY means that the household consumes the food at least once a week 
Food consumed MONTHLY means that the household consumes the food at least once a month 
Food rarely/never consumed means that the household consumes the food less than once a 
month or never consumed this food before 
 
Date of interview ……../……../2013 
 
Supervised on: ………./……/2013 
Surveyor: …………………… Supervisor : …………………… 
Surveyor’s comments: Supervisor’s comments 
………………………………………………       ……………………………………………… 
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QUEENSLAND UNIVERSITY OF TECHNOLOGY VIETNAM PUBLIC HEALTH ASSOCIATION 
B. KAP SURVEY QUESTIONAIR: BUU LONG AND QUANG VINH 
WARDS, BIEN HOA CITY 2013 – NON PROGRAM WARD 
 
City BIEN HOA  
Ward 1. Buu Long  
Group ………... ………... ………... ………... 
Household No. ……….. (Surveyors don’t need to write this) 
Full name of 
household’s 
representative 
 
 
……………………………………………………………. 
(If replace household in the list of selected households à  specify: 
Full name of household being replaced: …………………………… 
Address: …………………...........………………………….................. 
Reason for replacement:………………………………………………) 
Name of interviewee  
Date of survey ............/............/2013 
Data collector  
Supervisor  
 
- Data collector introduces some information about himself/herself (name, organization...) 
- Introduces briefly about this study and questionnaire 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONSENT TO PARTICIPATE 
 
Please sign here as an indication of your consent to participate in this project. 
 
 
............................................ 
Note to data collectors 
This survey aims to collect information related to the knowledge, attitude and practices of local 
residents living at 4 wards near Bien Hoa Airbase on purchasing and preparing safe foods. The 
interview will take approximately 30 minutes. All information provided by you will not be 
discussed or shown to any other people, and will only be accessible to the research team. All 
original data obtained will be coded and kept in secured place. You have the right to decide 
whether to participate in this survey, and this does not cause any harm if you do not participate. 
In addition, you can withdraw from this interview at any time without any consequence to 
yourself. 
If you would like further information about this study or have any questions, please contact the 
principle researcher: Ms. Tran Thi Tuyet Hanh: (04-8460145; mobile: 0912955078). E-mail: 
trantuyethanh78@yahoo.com. Or please contact Mr. Nguyen Huu Hau MD. Dong Nai Public 
Health Association, Bien Hoa City; mobile: 0918344104 
Code	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1.  Do not show the questionaire to the participants, do not help participants answering 
questions (except questions being noted that data collectors can suggest different answering 
options for the questions). Please circle 1 option only for each question, except questions 
being specified otherwise.  
2. Criteria for selecting interviewees: 
• Selecting households: according to the list of selected households in the ward 
• Selecting interviewees: Persons in charge of purchasing and/or preparing foods 
for the selected families, aged 16-60, and capable of answering questions. 
3. Replacement of participants: In the following circumstances, surveyors choose a house 
next to the selected house (on the right when facing from the gate to the house) for 
replacement: 
- Visit the selected house twice, but can not meet the participant 
- The participant refuses to take part in the interview 
- There is no one in the selected household aged from 18to 60, or there are 
people within this age group, but unable to answer the survey questions. 
- The selected house is for renting 
The selected household has a housemaid who is responsible for buying and/or purchasing foods.(In 
case there is no replacement house on the right of the selected house in the list, then surveyor 
just randomly select a house, which is closest to the originally selected house) 
4. Questions written in bold à  surveyor asking item by item to make sure asking 
questions correctly and do not miss any items. 
5. In household with 1 person mainly responsible for purchasing foods and another person 
mainly responsible for cooking food, then interview the person who responsible for 
purchasing foods as the 1st priority.  
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PART I. GENERAL INFORMATION 
(If respondents do not understand questions, surveyor can explain the questions to the respondents) 
NO. QUESTIONS ANSWERS CODE MOVE 
Q101 Gender of participant 
(Data collector observes and 
circle) 
Male  1  
Female 2 
Q102 How old are you? (according to 
solar calendar) 
………..  years   
Q103 What is your highest education 
level?  
Illiterate 1  
Primary 2 
Secondary 3 
High school and higher 4 
Other (please specify)……… 
……….………...……………... 
88 
Q104 What is your current occupation? 
 
Governmental staff   1  
Worker 2 
Trader 3 
Housewife/house-husband 4 
Retired 5 
Farmer/gardener 6 
Other (please specify)……… 
……….………...……………... 
88 
Q105 How many people in your 
household? 
(Household: including people 
living together in the same house 
and having meals together in the 
past three months) 
………..….people 
 
In which, children under 5:..... 
 
  
Q106 How long have been living in this 
ward? 
 
…………….year   
Q107 What was your household average 
monthly income in 2012  
(including foods and products that 
your household produced…)? 
(estimated) 
………………….VND/month 
 
  
Q108 What is your household average 
monthly expense on foods?  
(including foods your household 
grow/raise converted to money) 
..........................  VND   
Q109 Does your household have the 
following?  
(Asking item by item, combining 
with observation in the house) 
(Can circle multiple options)  
Car 1  
Motorbike 2 
Fridge/washing machine 3 
Television 4 
VCD, DVD player 5 
Radio, cassette 6 
Other items > 5 million VND 7 
Q110 In the past 5 years, has your Yes    1  
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NO. QUESTIONS ANSWERS CODE MOVE 
household cultivated/raised any 
foods? 
No    2 àQ112 
Q111 If yes, please list type of foods 
that your household has 
cultivated/raised in the past 5 
years? (read item by item and tick 
X in the corresponding cell) 
Purposes(May be mark X for  multiple choices) 
Eat  
 
Sell 
 
 
Other (please specify) 
 
Estimated annual 
yield (kg) 
111.1 Vegetables     
111.2 Fruits, roots (cucumber, potatoes, 
bean, etc.) 
    
111.2a Carrot     
111.2b Pumpkin     
111.3 Fruit trees (e.g. banana, coconut, 
grapefruit, papaya…) 
    
111.4 Buffalo, cow     
111.5 Pig     
111.6 Chicken     
111.7 Duck, wild goose     
111.8  Fresh water fish, crab, shrimp     
111.9 Other (please specify)……...     
 
Q112 Do you normally contact with local 
soil/mud during your current 
work? 
Yes    1  
No  2 àPART II 
Q113 If yes, what personal protective 
equipment do you commonly use 
when come into direct contact with 
soil/mud? 
(Can circle multiple options) 
Mask 1  
Glove 2  
Shoes/ boots 3  
Other (please specify)……… 
……….………...……………... 
Don’t use any personal protective 
equipment 
88 
 
 
99 
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PART II. KNOWLEDGE ABOUT DIOXIN, HEALTH EFFECTS AND MEASURES 
TO PREVENT DIOXIN EXPOSURE 
(Surveyors only read the questions, not the options for answers, except noted otherwise) 
NO. QUESTIONS ANSWERS CODE MOVE  
Q201 In your opinion, where does dioxin 
present in the environment? 
(Can circle multiple options) 
Water   1  
Soil/mud 2  
Food 3  
Air 4  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q202 Could you tell me how dioxin in the 
environment can get into the human 
body?  
(Can circle multiple options) 
Through skin 1  
Inhalation 2  
Oral: through foods and drink 3  
Breast milk 4  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q203 In your opinion, exposing to dioxin can 
lead to what  health effects ?  
(Can circle multiple options) 
Cancer    1  
Chloracnes  2  
Infertility 3  
Spontaneous abortion 4  
Birth defects 5  
Neurological effects 6  
Diabetes type 2 7  
High blood pressure 8  
No effect 10  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q204 In your opinion, is your ward polluted 
with dioxin? 
Yes 1  
No    2 àQ206 
Don’t know 99 àQ206 
Q205 If  yes, what is the level of pollution at 
your ward? 
Minor    1  
Average 2  
Serious 3  
Don’t know 99  
Q206 In your opinion, are we exposed to 
dioxin if we eat dioxin contaminated 
foods?  
 
Yes  1  
No 2 àQ208 
Don’t know 99 àQ208 
Q207 If yes, are we likely exposed to dioxin 
in what types of foods? 
(Can circle multiple options) 
Vegetables 1  
Fruits and roots 2  
Animal lean meat 3  
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NO. QUESTIONS ANSWERS CODE MOVE  
Animal fat 4  
Animal viscera 5  
Fresh water fish, crab, shrimp, 
snail 
6  
Seafood  7  
Eggs, milk 8  
Water 9  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
 
99 
 
Q208 In your opinion, what are potentially 
high risk foods if being 
cultivated/raised in dioxin polluted 
areas? 
(Can circle multiple options) 
Vegetable    1  
Fruits, roots 2  
Animal lean meat 3  
Animal fat 4  
Animal viscera 5  
Fresh water fish, crab, shrimp, 
snail 
6  
Seafood 7  
Eggs, milk 8  
Other (please specify)……… 
……….………...……………... 
88  
Don’t know 99  
Q209 In your opinion, if the mother is 
exposed to dioxin, is her child at risk of 
being exposed to dioxin through breast 
feeding? 
Yes    1  
No 2  
Don’t know 99  
Q210 What measures do you think can help 
to reduce the risk of dioxin exposure 
through foods? 
(Can circle multiple options) 
 
Wash vegetables thoroughly 1  
Cook food thoroughly 2  
Cut off animal fat    3  
Consume less local fresh water 
fish, shrimp, crab 
4  
Consume less local eggs, milk 
products 
5  
Take off breast milk between 
feeding times in the first few 
months after birth    
6  
Other (please specify)……… 
……….………...…………….. 
88  
Don’t know    99  
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PART III. ATTITUDE TOWARD REDUCING THE RISK OF DIOXIN EXPOSURE 
THROUGH FOODS 
 
(If the participants do not understand the questions, the surveyors can read the options for participants 
to choose the most appropriate answers) 
 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q301 Do you believe that there 
are measures to reduce the 
risk of dioxin exposure for 
local residents? 
Believe 1  
Don’t believe 2 àQ 303 
Don’t know 99  
Q302 If being consulted with 
measures to reduce your 
risk of being exposed to 
dioxin in food, are you 
ready to apply  
Yes   1  
No 2  
Depends 3  
Don’t know 99  
Q303 If some of your favorite 
foods are at high risk of 
being contaminated with 
dioxin, are you ready to 
quit? 
Yes    1  
May be 
No 
2 
3 
 
Don’t know 99  
Q304 Are you ready to pay 
more for safer food?  
Yes   1 àQ 304.1 
May be 2 àQ 304.1 
No   3 àPART IV 
Don’t know 99 àPART IV 
Q304.1 If yes, or may be, how 
much are you willing to 
pay more for safe food per 
day? 
< 5,000 VND/day 1  
 
 
5000 to <10,000 VND/day 2 
10,000 to < 15,000 VND/day 3 
15,000 to <20,000 VND/day 4 
20,000 to < 50,000 VND/day 5 
>= 50,000 VND/day 6 
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PART IV. PRACTICE TOWARD REDUCING THE RISK OF DIOXIN EXPOSURE 
THROUGH FOODS 
Note: this section includes questions about CURRENT practices of the participants (2013). The 
results will be compared with the results of the pre and post intervention surveys at two intervention 
wards (Trung Dung and Tan Phong and 4 wards near Da Nang Airbase). 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q401 What is the current main source of 
water that your household use for 
drinking purpose? 
Rain water   1  
Pipe water    2 àQ403 
Dig well    3  
Drill well    4  
Lake, river… 5  
Other (please specify)……… 
……….………...…………….. 
88  
Q402 What types of water treatment does 
your household apply before use? 
No treatment   1  
Sand filtration 2  
Filtration jar 3  
Coagulation 4  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q403 What are the sources of foods your 
household commonly consume 
daily? 
(Can circle multiple options)  
Self cultivated/raised   1  
Purchased at markets 
Purchased at supermarket    
2 
3 
 
Other (please specify)……… 
……….………...……………… 
88  
Don’t know    99  
Q404 Normally, do you know the sources 
of foods (vegetable, fish, meat, rice 
…) you consumed daily? 
Yes     1  
Know some 
Other (please specify)………..  
..................................................  
2 
88 
 
Don’t know 99  
Q406 What aspect concerns you most 
when purchasing foods? 
(If participants don’t understand 
questionà  surveyor mentions these 
options for participants to choose 1 
option) 
Cheap    1  
Delicious 2  
Healthy 3  
Fresh/safe/clean 4  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q407 Normally when you purchase foods, 
do you care the sources where foods 
were cultivated/raised? 
Yes 1  
No 2  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
 
Q408 In the last 5 years, has your 
household been applying any 
measure to reduce the risk of 
Yes   1  
No   2 àPART 
V 
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NO. QUESTIONS ANSWERS CODE MOVE 
dioxin exposure through foods? Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
99 
àPART 
V 
àPART 
V 
Q409 If yes, what has your household been 
doing in the recent years to reduce 
the risk of dioxin exposure? 
(Can circle multiple options) 
Not purchasing foods of unclear 
origin 
1  
Consume less fat and viscera 2  
Consume less locally cultured 
fresh water fish, shrimp, crab… 
3  
Consume less locally cultivated 
pumpkin, carrot, lotus shoot 
4  
Consume less poultry raised 
locally 
5  
Filter water before use 6  
Use personal protective 
equipment when contact with 
soil/mud 
7  
Other (please specify)……… 
……….………...……………... 
Don’t know 
88 
 
99 
 
 
PART V. INFORMATION AND COMMUNICATION SOURCES 
 
(If participants do not understand the questions, surveyor can mention the options listed) 
 
NO. QUESTIONS ANSWERS CODE MOVE 
Q501 In the past 5 years, have 
you read/ heard/ 
watched any 
information about 
dioxin, its health effects, 
and measures to reduce 
the risk of dioxin 
exposure through foods? 
Yes 1  
No 2 àQ505 
 
Don’t know/Don’t pay attention 99 àQ505 
Q502 If yes, then in the past 5 
years where were the 
sources of information 
that you received? 
(Can circle multiple 
options) 
(Note: only focus on 
information about 
dioxin, its health effect, 
and measure to reduce 
the risk of dioxin 
exposure through foods) 
National television channels 1  
Local television channels 2  
National radio channel 3  
Local radio channel 4  
Ward loud speaker 5  
Community meetings 6  
Newspaper/magazine 7  
Panels/posters 8  
Pamphlets 9  
Health staff/collaborator 10  
Women Union 11  
Poster to be stick on the wall 12  
Other (please specify)…….……………… 
……………….…………...……………... 
88  
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NO. QUESTIONS ANSWERS CODE MOVE 
Don’t know 
 
99  
Q503 
 
What specific information 
about dioxin have you 
received in the past 5 
years? 
(Can circle multiple 
options) 
 
Health effects of dioxin 1 
 
Dioxin pollution in the local areas 2 
Risk of exposing to dioxin in foods 3 
Measures to reduce the risk of dioxin exposure 
through foods 
4 
Agent Orange victims and the law suit with US 5 
Dioxin remediation at Da Nang Airport 6 
Other (please specify)……………..……… 
…………………….………...……………... 
88 
Don’t know/Don’t remember 99 
Q504 What was your most 
favorite communication 
channel about dioxin? 
(Circle 1 option only) 
National television channels 1  
Local television channels 2  
National radio channel 3  
Local radio channel 4  
Ward loud speaker 5  
Community meetings 6  
Newspaper/magazine 7  
Panels/posters 8  
Pamphlets 9  
Health staff/collaborator 10  
Women Union 11  
Farmer Union 12  
Other (please specify).................................. 
………………………...……….................... 
 
13 
 
Don’t know 99  
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PART VI. FOOD CONSUMPTION FREQUENCY  
Note: Only ask the common meals. Do not ask special events like New Year, birthday, wedding … 
Surveyor may instruct and calculate together with the respondents in order to have the best estimate 
of amounts of foods consumed. 
NO. Could you please tell me amount of each type of food your household 
consumes daily, weekly, monthly? 
 
 
Unit 
 
Number per 
meal 
 
Convert 
to g per 
meal for 
the 
household 
Type of foods Daily 
 
(numb
er of 
meals) 
Weekl
y 
 
(numb
er of 
meals) 
Month
ly 
 
(numbe
r of 
meals) 
Rarely/ 
never eat 
(Mark X) 
Q601 Water morning glory     Bunch   
Q602 Mustard green     Bunch   
Q603 Katuk     Bunch   
Q604 Pumpkin leaves and flowers     Bunch   
Q605 Pumpkin fruits     Whole 
pumpkin 
  
Q606 Lotus shoot     Bunch   
Q607 Chicken egg      Eggs   
Q608 Duck egg     Eggs   
Q609 Beef, buffalo meat     100g   
Q610 Duck and wild goose meat     100g   
Q611 Chicken     100g   
Q612 Lean pork meat      100g   
Q613 Pork fat     100g   
Q614 Fat and lean pork meat      100g   
Q615 Oil/fat     100g   
Q616 Animal viscera     100g   
Q617 Fresh water fish     100g   
Q618 Fresh water shrimps     100g   
Q619 Fresh water crabs     100g   
Q620 Fresh water snails     100g   
Q621 Seafood     100g   
Note:  
Food consumed DAILY means that the household consumes the food at least once a day 
Food consumed WEEKLY means that the household consumes the food at least once a week 
Food consumed MONTHLY means that the household consumes the food at least once a month 
Food rarely/never consumed means that the household consumes the food less than once a 
month or never consumed this food before 
 
Date of interview ……../……../2013 
 
Supervised on: ………./……/2013 
Surveyor: …………………… Supervisor : …………………… 
Surveyor’s comments: Supervisor’s comments 
………………………………………………       ……………………………………………… 
………………………………………………       ……………………………………………… 
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APPENDIX 6. SUPPLEMENTARY DATA FOR PAPER 2 
Table 5.3. Results of dioxin (TCDD and TEQ) analysis for potentially high risk foods 
taken in Bien Hoa and Da Nang 
No. Sample ID Description 2,3,7,8 
TCDD 
pg/g 
TEQ 
pg/g 
Bien Hoa 
1 12028D013 Free ranged chickens caught at households, 
Tan Phong ward 
1.42 8.45 
2 12028D014 Free ranged chicken eggs taken at 
househodls, Tan Phong ward 
0.191 7.33 
3 12028D015 Duck meat, free ranged, at households, Tan 
Phong 
2.36 8.19 
4 12028D011 Pumpkin (leaves, shouts, fruits), at 
households, Tan Phong 
0.11 0.235 
5 12028D007 Fresh water fish (bống tượng, bống láu), 
Tan Phong 
6.46 27.4 
6 12028D016 Chicken, free ranged at households, Tan 
Phong 
81.8 94.98 
7 12028D024 Duck egg, free ranged at households, Tan 
Phong 
10.9 15.7 
8 12028D030 Duck meat, free ranged at households, Tan 
Phong 
16.6 19.6 
9 12028D009 Fresh water snail caught at Gate 2 Lake- 
Quang Vinh 
1.36 53.6 
10 12028D032 Chicken eggs, free ranged at households- 
Quang Vinh 
2.1 29.7 
11 12028D031 Chicken meat, free ranged at households –
Quang Vinh 
4.31 13.1 
 Da nang    
12 13001D016 Free ranged chicken at households, Thanh 
Khe Tay 
1.51 12 
13 13001D017 Free ranged chicken eggs at households, 
Thanh Khe Tay 
1.48 9.32 
14 13_001D018 Fresh water fish, Thanh Khe Tay 0.109 0.9 
15 13001D04 Tilapia fish at local ponds, Thac Gian 
Lake, Chinh Gian 
6.75 86.6 
16 13001D05 Snakehead fish and Tilapia fish and snail at 
29/3 Lake, Chinh Gian 
6.71 14.4 
17 13_001D044 Free ranged chicken at local households, 
An Khe 
1.27 4.64 
18 13_D045 Fresh water fish caught at Xuân Lộc canal 
– An Khe 
15.3 21.1 
19 13_001D027 Chicken free ranged at households, Hoa 
Khe 
6.73 18.4 
20 13_001D028 Chicken eggs, free ranged at households, 2.64 9.81 
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Hoa Khe 
21 13_001D029 Snakehead fish caught at local pond, Hoa 
Khe 
11.8 21.5 
Table 5.4. Results of dioxin (TCDD and TEQ) analysis for potentially low risk foods 
taken in Bien Hoa and Da Nang 
No. Sample ID Description 2,3,7,8 
TCDD 
pg/g 
TEQ 
pg/g 
 BIEN HOA    
1 12028D019  Leafy vegetables taken from 8 households. 
Each household, taken samples of: morning 
glory, amaranth, spinach, bok choi, and 
lettuce… 
0.151 0.983 
2 12028D020 Leafy vegetables bought at Tan Phong 
market 
0.026 0.03 
3 12028D002 Cage chicken meat – Tan Phong market 0.144 0.437 
4 12028D006 Fish from sea, bought at Tan Phong market 0.788 1.91 
5 12028D035 Pork mint, Buu Long market 0.05 0.192 
6 12028D012 Leafy vegetables at Gate 2 Lake, Quang 
Vinh 
0.048 0.213 
7 12028D018 Duck eggs, bought at Trung Dung Market 0.194 0.636 
8 12028D021 Mixed rice sample bought at Trung Dung 
market (not produced at local areas) 
0.025 0.042 
9 12028D022 Minced beef bought at Trung Dung market 0.71 12.8 
10 12028D034 Leafy vegetables collected inside Bien Hoa 
airbase 
0.033 0.12 
 DA NANG    
11 13_001D019 Leafy vegetables at households, Thank Khe 
Tay 
0.073 0.08 
12 13001D034 Beef at Thank Khe Tay market 0.27 3.8 
13 13001D036 Seafood (fish bought at Thank Khe Tay 
market) 
1.32 2.07 
14 13001D02 Leafy vegetables at households, Chinh 
Gian 
0.06 0.07 
15 13001D07 Caged chicken bought at Chinh Gian 
market 
0.011 0.117 
16 13001D09 Pork meat bought at Chinh Gian market 0.057 0.982 
17 13001D012 Seafood (fish bought at Chinh Gian 
market) 
1.35 4.77 
18 13_001D046 Papaya and string bean, An Khe <0.01 <0.001 
19 13001D037 Pork at local market, An Khe 0.076 0.324 
20 13001D039 Caged chicken bought at An Khe market 0.56 6.08 
21 13_D042 Seafood (fish bought at An Khe market) 1.52 6.73 
22 13001D030 Fruit vegetable at households, Hoa Khe 0.029 0.047 
23 13001D031 Leafy vegetable at households, Hoa Khe 0.024 0.206 
24 13001D015 Beef at Hoa Khe Market 3.3 24.6 
25 13001D022 Duck meat bought at Hoa Khe Market 0.428 1.04 
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Table 5.5. Detailed concentrations of dioxin/furans of food samples taken from Buu Long 
Ward, Bien Hoa 
# Compound MDL 
12028D
011 
12028D
007 
12028D0
16 
12028D
024 
12028D
030 
12028D
035 
 lipid (%)  
 
1.3 2.9 14.6 8.7 17.5 
1 2378-TCDD  0.01 0.110 6.463 81.756 10.947 16.642 0.050 
2 2378-TCDF  0.01 0.178 8.894 13.482 1.612 3.281 1.187 
3 12378-PeCDD  0.05 0.215 15.690 7.036 0.680 1.293 0.090 
4 12378-PeCDF  0.05 0.111 9.471 5.589 0.187 0.957 0.065 
5 23478-PeCDF  0.05 0.305 8.972 5.082 2.687 1.851 < 0.05 
6 123478-HxCDD  0.05 0.831 2.549 7.532 2.540 2.262 0.073 
7 123678-HxCDD  0.05 0.196 2.013 8.462 14.854 1.763 < 0.05 
8 123789-HxCDD  0.05 0.111 3.743 1.923 10.656 0.964 0.180 
9 123478-HxCDF  0.05 0.148 0.694 5.880 0.619 0.715 0.511 
10 123678-HxCDF  0.05 0.098 0.592 1.983 0.667 0.605 0.116 
11 123789-HxCDF  0.05 0.154 0.510 2.347 0.534 0.806 0.234 
12 234678-HxCDF  0.05 0.057 0.712 0.991 < 0.05 0.375 < 0.05 
13 1234678-HpCDD  0.05 1.740 30.779 17.030 5.759 3.099 1.545 
14 1234678-HpCDF  0.05 0.201 0.816 2.120 0.448 0.455 0.142 
15 1234789-HpCDF  0.05 0.100 0.168 0.671 < 0.05 0.193 0.094 
16 OCDD  0.1 24.216 89.936 114.775 42.350 15.890 21.130 
17 OCDF  0.1 0.737 0.314 5.580 0.441 0.304 0.817 
 
WHO-TEQ 
(ng/kg), ND=0 0.11 0.235 27.443 94.979 15.652 19.595 0.192 
Note: Similar detailed data were also available for the other six studied wards. 
